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POLYMERIC COMPLEXES FOR THE reduced number of positive charges allows the number of 

TRANSFECTION OF NUCLErC ACIDS, osides required for bonding on the polymer lo obtain a good 

WITH RESIDUES CAUSING THE transfection efficiency of DNA/glycosylated and glucony- 

DESTABILISATION OF CELL MEMBRANES lated polylysine complexes to be decreased by a factor of 5 

5 to 10. The use of partly gluconylated polylysine allows the 

This application is a 371 of PCT/FR 97/02022 filed Nov. solubility of complexes to be increased and their size to be 

10, 1997. reduced to about 50 nm. 

The invention relates to new complexes of nucleic acids J^ e transportation of plasmids by non-viral vectors 

and polymer substituted by residues which cause destabili- which can be recognized specifically by compounds of the 
zation of cell membranes. 10 plasma membrane of cells is dependent on a step which 

The introduction of a foreign gene into a cell is the basis imitates the mechanism of entry of viral genetic material 

of genetic .treatment. The transfer of genes can be achieved * Dt0 a cel ^ * n all the cases described, the DNA/poIycationic 

using either a modified viral material (vaccine virus, polymer complexes are carried into endocytosis vesicles, 

retrovirus, adenovirus or herpes virus) or using non-viral in *° endosomes and probably into other deeper intracellular 
vectors (cationic lipids, liposomes). The former, although is compartments removed from the plasma membrane, 

effective, have safety problems. As regards the latter, the The transmembrane passage of plasmid DNA is conse- 

effectiveness is greatly reduced in the presence of serum, quently a critical stage with respect to the release of the said 

and as a result their use is restricted to in vitro or ex vivo. DNA into the cytosol for its passage into the nucleus where 

Polylysine, which can form stable electrostatic com- lhe S ene w ^ De expressed, 
plexes with a plasmid DNA is the basis for development of 20 'p ^ me cascs described, transmembrane passage aux- 

non-viral vectors for transfer of genes in animal cells. iliaries are used to promote passage of the DNA into the 

Complexes of DNA and unsubstitutcd polylysine gencr- cytosol. These are: 

ally are not effective for transfection of cells because of the chloroquine 

very high stability of the complexes (and therefore weak defective adenoviruses 
dissociation and salting ou t of the DNA) under physiological 25 permeabilizing and/or fusiogenic peptides 

conditions as a consequence of a very high co-opera livity of a) Chloroquine is a weak base used in an amount of 50/<M 

polycation-polyanion interactions. or 100 fM in culture in vitro and for some cells these 

The transfection efficiency can be improved if the num- concentrations are toxic. Chloroquine, which permeates, 

ber of charges present on the polypeptide is decreased in crosses the membrane and accumulates in the acid compart - 
order to reduce the interactive forces between the DNA and 30 ments because it carries amines of low pK which capture 

the polylysine. For example, if 40% of the e-NH 3 + functions protons; protonated chloroquine is cationic and less perme- 

of the lysine residues of the polylysine are partly neutralized aling. Acidification of endosomes and Iysosomes is caused 

by polyhydroxyalkanoyl derivatives, such as by a membrane enzyme which injects H + from cytosol into 

6-gluconolactone, the DNA/partly gluconylated polylysine vesicles; to re-establish electroneutrality, this proton accu- 
coraplexes are more effective than .DNA/poly lysine com- 35 mulation is accompanied by an entry of chloride ions CI". To 

plexes in transfection of cells. the extent that chloroquine accumulates, protons and chlo- 

The polylysine can be substituted by specific receptor rides also accumulate, which causes an increase in the 

ligands which are present on the surface of cells and are in Ira vesicular ionic force, which induces the arrival of water, 

capable of inducing specific endocytosis of complexes with resulting in swelling of the vesicles and their destabilization. 

a plasmid DNA by target cells. 4 0 The intracellular concentration of chloroquine can be more 

Conjugates obtained by substituting polylysine by than 100 times higher than its concentration in the medium 

asialoorosomucoid, transferrin, insulin, immunoglobulin after a few hours. It can thus exceed 10 mM. This phenom- 

and growth factors have been proposed as plasmid guide enon is comparable lo that which occurs in persons who use 

vectors. However, these protein ligands render the com- a daily dose of 300 mg chloroquine per day. After a few 

plexes highly immunogenic. 45 days, the plasma concentration is about 0.7 /*M and the 

The polylysine can be substituted by low molecular tissue concentration is 200 to 700 times higher, that is to say 

weight ligands which are less immunogenic than the osides 140 to 500^. Inside the cells, the acid compartments can 

and oligosides recognized by specific membrane receptors reach concentrations several tens of times higher. It is 

(membrane lectins) on the surface of target cells. Glycosy- furthermore known that chloroquine concentrations of 10 

lated polylysine has been proposed as non-viral vectors 50 mM (concentration obtained a few hours after having used 

perfectly defined for transfer of genes. an initial chloroquine concentration of 100 pM) promote 

Numerous animal cells have membrane lectins which dissociation of DNA/poly lysine complexes, 

recognize oligosides of various structures and which induce Chloroquine in combination with DNA/polylysine com- 

endocytosis of their ligands. For example, the membrane plexes in gene transfer can be used only in applications in 

lectin of cells of the hepatic parenchyma recognize glucidic 55 vitro or ex vivo, because of its toxicity and its rapid dilution 

structures carrying a galactose residue in the terminal after injection into the individual. In fact, in vivo, to achieve 

position, which is the case for the desialylated serum gly- the high concentrations mentioned above, several days are 

coproteins. The specificity of membrane lectins depends on necessary. It has thus been found in vitro that in cells 

the cell type and the state of differentiation of the cells. pretreated with chloroquine, expression of the transferred 

The transfection efficiency of DNA/glycosylated polyl- 60 genes was very low. In addition, if the chloroquine is added 

ysine complexes depends on the level of substitution of the more than three hours after the incubation of the cells in the 

polylysine by osides: The most effective transfections are presence of the complexes, the transfection is very low. For 

obtained if 30 to 40% of the e-Nl V functions of the lysine these reasons chloroquine, which is a very good auxiliary in 

residues of the polylysine are substituted by mono- or vitro, is not effective in vivo. 

disacchandes. 65 b) The fusiogenic properties of defective adenovirus 

In French Patent no. 2,719,316, it has been shown that particles in an acid medium are used to promote passage of 

the use of partly gluconylated polylysine carrying an already DNA into the cytosol from endocytosis vesicles. Adenovi- 
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ruses have fusion proteins which are active in a slightly acid which act as recognition signals. The substituents which 

medium. Defective adenoviruses can be used in the free promote transmembrane passage are bonded to the polymer 

form or bonded to DNA/poIylysine complexes. and are derivatives which are not cationic in a slightly 

However, the use of even defective viral particles presents alkaline medium but become so in a neutral medium and in 
safety problems. Adenoviruses induce a very strong immune 5 an acid medium. 

response after injection with the complexes. The invention relates to new complexes of nucleic acid 

c) Peptide which are permeabilizing and/or fusiogenic in and substituted polymer which are capable of promoting 

a slightly acid medium are used as auxiliaries to promote transmembrane passage of DNA after endocytosis of the 

passage of DNA into the cytosol. These are mainly peptides complexes. 

of 20 amino acids derived from virus fusion proteins, such 10 The invention relates to new complexes of nucleic acid 

as, for example, the N-terminal peptide of the sub-unit HA2 and substituted polymer having no recognition signals rec- 

of the haem agglutinin of the influenza virus, or synthetic ognizcd by membrane receptors on the surface of alls, 

peptides, such as GALA (SEQ ID NO:l), an oligomer The invention relates to new complexes of nucleic acid 

containing several recurring units of Glu-Ala-Leu-Ala (SEQ and substituted polymer also having recognition signals 
ID NO:l). These peptides are most often used in the free is recognized by membrane receptors on the surface of cells, 

form (that is to say not covalently bonded) with the DNA/ conferring a selective transfection character with respect to 

polylysine complexes. The efficiency of peptides is greatly various cell types. 

reduced in the presence of serum in the cell culture medium, The invention relates to a process for specific transfection 

which restricts their use to experiments in vitro or to ex vivo. in vitro and in vivo. 

Some peptides covalently bonded to DNA/polylysine com- 20 The invention relates to new conjugates of substituted 

plexes are still effective in promoting transmembrane pas- polylysine having no recognition signals recognized by 

sage of DNA, while others lose their permeabilizing power membrane receptors on the surface of cells, which are 

after bonding. capable of being complexcd with a nucleic acid for the 

It is furthermore known that there are other molecules purpose of transfection of a cell, 
which are capable of destabilizing membranes, and in par- 25 The invention also relates to new conjugates of polylysine 

ticular molecules containing the imidazole nucleus of histi- also having recognition signals recognized by membrane 

dine (pK=6.04), which, by being protonated in a slightly receptors on the surface of cells, which are capable of being 

acid medium, become cationic. Polyhistidine has fusiogenic complexed with a nucleic acid for the purpose of selective 

and permeabilizing properties with respect to lipid bilayers. transfection of a cell. 

At pH<6, polyhistidine adopts an a-helical structure 30 The advantage of the invention is that these new coin- 
norland K. S. et al. (1963) Biopolymers 1:277-278; Bey- plexes of nucleic acid and polymer arc capable of transfect- 
chok S. et al. (1965) J. Amer. Cbem, Soc. 87:3990-3991). It ing cells in the absence of transmembrane passage auxilia- 
has been shown that in a slightly acid medium polyhistidine ries (chloroquine or permeabilizing and/or fusiogenic 
is a polycation which aggregates negatively charged lipo- peptides). These are weakly basic groupings which can he 
somes and induces their fusion (Wang C.-Y. and Huang L. 35 protonated (cation) in a slightly acid medium and are bonded 
(1984) Polyhistidine mediates an acid-dependent fusion of to the polymer and play the role of transmembrane passage 
negatively charged liposomes. Biochemistry 23:4409-4416; auxiliaries. 

Uster P. S. and Deamer D. W. (1985) pH-dependent fusion The advantage of the invention is that these new com- 
of liposomes using titrable polycations. Biochemistry plexes of nucleic acid and substituted polymer are as effec- 
24:8-14). 40 tive as or, without transmembrane passage auxiliaries, more 
It is known that a synthetic polymer (cetylacetyl effective than the complexes of nucleic acid and polymer 
(imidazoI-4-ylmethyl)poIyelhyleneimine) induces the which is unsubstituted or substituted by agents which reduce 
fusion of liposomes at a slightly acid pH (Oku N. et al. the number of charges on the polymer (and therefore its 
(1987) Low pH induced membrane fusion of lipid vesicles interaction with the nucleic acid) in the presence of trans- 
containing proton-sensitive polymer. Biochemistry 45 membrane passage auxiliaries. 

26:8145-8150). In the case of chloroquine and permeabilizing and/or 

It is also known that a neutral water-soluble polymer fusiogenic peptides, the latter are small molecules which 

substituted by histidyl residues (used instead of diffuse rapidly if ihey are not covalently bonded to com- 

polyhistidine, which is very poorly soluble in an aqueous plexes of nucleic acid and substituted polymer, 

medium) interacts with a polyanion, such as polyaspartic 50 The advantage of the invention is that these new com- 

acid, only in a slightly acid medium and is capable of plexes of nucleic acid aod substituted polymer are, in the 

permeabilizing the plasma membrane of cells in a flow presence of serum, just as effective as (or even more 

cytometry test using ethidium bromide as a marker (Midoux effective than) in the absence of serum for transfection of 

et al., 1995). cells. 

Preliminary results have shown that polyhistidine (very 55 In one of its most general definitions, the invention relates 
poorly soluble in an aqueous medium at neutral pH) cannot to a complex between at least one (negatively charged) 
be used to transfect cells because, since it is not a polycation nucleic acid and at least one positively charged polymeric 
at neutral pH, it is not capable of forming with DNA stable conjugate, the bond between the nucleic acid and the poly- 
complexes of sufficient solubility to be used at neutral pH, meric conjugate being electrostatic in nature and the poly- 
in particular at pi I 7.4, the pH of plasma. 60 meric conjugate containing a polymer formed from mono- 

The invention relates to new complexes of nucleic acid mer units carrying free NH 3 + functions, and being such that: 

and substituted polymer which are capable of transfecting the free NH 3 + functions of the abovementioned monomer 

several types of cells. units are substituted in a ratio of at least 10%, advan- 

Tbe invention relates to a new type of cationic polymer tageously about 15% to about 45%, in particular 35%, 

comprising, in addition to positive charges of the polymer, 65 this ratio being determined, for example, by nuclear 

substituents which promote transmembrane passage of the magnetic resonance, by residues which can be proto- 

nucleic acid transported and, where appropriate, substituents nated in a weakly acid medium causing destabilization 
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of cell membranes, in particular the membrane of method such as that described in Struck D. K. et al (Use of 

endocylosis vesicles, and/or of endosomes in a weakly resonance energy transfer to monitor membrane fusion, 

acid medium, (1981) Biochemistry 20:4093-4099). Briefly, liposomes 

the abovementioned residues also having the following made up of dioleoyl-phosphatidylcboline (DPOC), into the 

properties: 5 membrane of which are inserted N-(7-nitrobenz-2-oxa-l,3- 

they carry a functional group which enables them to be diazol-4-yl)phospbatidyIethanolamine (NBD-PE) and ocla- 

bonded to the abovementioned polymer, decylrhodamine (R18) as a fluorescence marker, and hpo- 

they are not active with respect to the recognition signal somes without fluorescence markers are used. The 

recognized by a cell membrane receptor, fluorescence of NBD (Xex=470 nm; Xem=530 nm) is mea- 
they can carry at least one free NH 3 + function, 10 sured in the absence and presence of DNA/bistidylated 

it being possible for the free NH 3 + functions of the polylysine complexes at various pH values The fusion of 

. 5 v . , , ♦ u i u j the liDosomes nduces a reduction in he fluorescence of 

abovementioned monomer units also to be subsutut d P C0DSequeDce of a Auction in the transfer energy 

by non-charged residues causing a reduction m he betweeQ Jj^ and ^ 

positive charges with respect to the same unsubsUtuled ^ ncw hm of nuc , eic acid and subs titutcd 
polymeric conjugate, facilitating salting out of the 15 lymcr containing wca kly basic groupings which can be 

nucleic acid in the course of dissociation of the pro tonated (cation) in a slightly acid medium in the presence 

complex, 0 f se rum are more suitable for gene transfer in vivo than the 

the abovementioned non-charged residues also having the DNA/poly lysine or DNA/gluconylated polylysine com- 

following properties: plexes which are active only in the presence of auxiliaries 

they carry at least one hydroxyl group, 20 such as chloroquine or fusiogenic and/or permeabilizing 

they are not active with respect to the recognition signal peptides, 

recognized by a cell membrane receptor, The residues cause destabilization of cell membranes due 

molecules constituting a recognition signal recognized by to their property of being protonatable in an acid medium, 

a cell membrane receptor optionally beiog present: The residues which cause destabilization of cell mem- 

by substitution of some of the free NH 3 + functions of 25 branes are proton captors which limit acidification of endo- 

the abovementioned monomer units (for example somes and, as a consequence, hinder rusion between late 

e-NH 3 "*" of lysine), or endosomes and liposomes. It should be noted that lysosomes 

on some 3 of the abovementioned non-charged residues are vesicles containing a large number of hydrolases and that 

causing a reduction in the charge (for example these lysosomes arc very effective in degrading biological 

gluconyl), in particular on the hydroxyl groups of the 30 macromolecules in general and nucleic acids in particular 

abovementioned residues, or The term "weakly acid medium" means a medium of 

on some of the abovementioned residues causing a which the pH is less than that of plasma or scrum, for 

destabilization of cell membranes (for example example a pH of less lhan 7.4. 

acetylimidazole), or The {erm according to which the residues "are not active 

by substitution of the optional free NH 3 + function of Ihe 35 with ™P ect to the recognition signal recognized by a cell 

abovementioned residues causing a destabilization membrane receptor" indicates that, on the one hand, to date 

of cell membranes (for example histidine), there are no known receptors which are specific to these 

with the proviso that all the free NH 3 + functions make up at residues and, on the other hand, that these residues are not 

least 30% of the number of monomer units of the polymeric use d as ligands. 

skeleton of the abovementioned polymeric conjugate. 40 A molecule or a molecular complex is active with respect 

Destabilization of membranes is understood as meaning a to a recognition signal if it can be recognized selectively by 

modification of the membrane which leads either to an a receptor, that is to say it plays the role of a ligand, an 

increase in its permeability with respect to low molecular agonist or an antagonist. 

weight and possibly high molecular weight molecules of the Recognition signal recognized by a cell membrane recep- 

solution (including nucleic acids, plasmids or complexes), or 45 tor generally means a ligand (molecule or molecular 

fusion with anolher membrane. complex) which is capable of being recognized se eclive y 

Hie membrane permeability can be measured by fluores- by the said receptor (hgand-receptor affinity £10 1/mole). 

cence microscopy in the following manner: The invention particularly relates to a complex between at 

Adhesive cells are incubated at 37° C. for 15 to 30 least one (negatively charged) nucleic acid and at least one 

minutes with 0.5 ml DMEM culture medium with serum so positively charged polymeric conjugate, the bond betweeo 

containing 5 mg/ml dexlran (Mw 4,000) labelled with fluo- the nucleic acid and the polymcnc conjugate being clcctro- 

rescein isothiocyanate (FTC-dextran) and a DNA/ static in nature and the polymenc conjugate containing a 

histidylated polylysine complex. The cells are then washed polymer formed from monomer units carrying free NH 3 

and incubated at 37° C. for 15 to 30 minutes with culture functions, and being such that: 

medium comprising 10% foetal bovine serum. The cells are 55 the free NH 3 + functions of the abovementioned monomer 

then fixed for 5 minutes in a saline phosphate buffer solution units are substituted in a ratio of at least 10%, advan- 

comprising 4% p-formaldehyde and the fluorescence is tageously about 15% to about 45%, in particular 35%, 

analysed with a confocal fluorescence microscope this ratio being determined, for example, by nuclear 

(MRC600 BioRad). In the absence of membrane magnetic resonance, by residues which can be proto- 

permeabilization, the fluorescence originating from FYC- 60 nated in a weakly acid medium causing destabilization 

dexlran is located exclusively in the vesicles. In the presence of cell membranes, in particular the membrane of 

of a membrane permeabiiization agent, the fluorescence endocylosis vesicles, and/or of endosomes in a wcakly 

originating from the FTC-dextran is also observed in a acid medium, 

diffuse manner in Ihe cytosol and the nucleus of the cells. the abovementioned residues also having the following 

The fusion of membranes in the presence of DNA/ 65 properties: 

histidylated polylysine complexes is measured easily in they are bases of which the pK in an aqueous medium 

model systems, such as liposomes, using a lipid mixture is less than 8, such that a proportion of greater than 



US 6,372,499 Bl 



50% of these bases bonded to a cationic polymer is 

not protonated in a neutral medium of pH 7.4, 
tbey carry a functional group which enables them to be 

bonded to the abovemenlioned polymer, 
they are not active with respect to the recognition signal 

recognized by a cell membrane receptor, 
they can carry at least one free NH 3 * function, 
it being possible for the free NH 3 * functions of the 
abovementioned monomer units also to be substituted 
by non-charged residues causing a reduction in the 
positive charges with respect to the same unsubstituled 
polymeric conjugate, facilitating salting out of the 
nucleic acid in the course of dissociation of the 
complex, 

the abovementioned non-charged residues also having the 
following properties: 
they carry at least one hydroxyl group, 
they are not active with respect to the recognition signal 
recognized by a cell membrane receptor, 
molecules constituting a recognition signal recognized by 
a cell membrane receptor optionally being present: 
by substitution of some of the free NH 3 + functions of 
the abovementioned monomer units (for example 
e-NH 3 + of lysine), or 
on some of the abovementioned non-charged residues 
causing a reduction in the charge (for example 
gluconyl), and in particular on the hydroxyl groups 
of the abovementioned non-charged residues causing 
a reduction in charge, or 
on some of the abovementioned residues causing a 
destabilization of cell membranes (for example 
acetylimidazole), or 
by substitution of the optional free NIJ 3 + function of the 
abovementioned residues causing a destabilization 
of cell membranes (for example histidine), 
with the proviso that all the free NH 3 * functions make up at 
least 30% of the number of monomer units of the polymeric 
skeleton of the abovemenlioned polymeric conjugate. 

The invention also relates to a complex between at least 
one (negatively charged) nucleic acid and at least one 
positively charged polymeric conjugate, the bond between 
the nucleic acid and the polymeric conjugate being electro- 
static in nature and the polymeric conjugate containing a 
polymer formed from monomer units carrying free NH 3 * 
functions, and being such that: 

the free NH3 4 " functions of the abovemenlioned monomer 
units arc substituted in a ratio of at least 10%, advan- 
tageously about 15% to about 45%, in particular 35%, 
this ratio being determined, for example, by nuclear 
magnetic resonance, by residues which can be proto- 
naled in a weakly acid medium causing destabilization 
of cell membranes, in particular ihe membrane of 
endocytosis vesicles, in a weakly acid medium, 
the abovementioned residues also having the following 
properties: 

they belong to the family of compounds which carry an 
imidazole nucleus, 

they belong 10 the family of quinolines, 

ihey belong to Ihe family of pterines, 

they belong to the family of pyridines, 

the abovementioned residues carry a functional group 
which enables them to be bonded to the abovemen- 
tioned polymer, 

they can carry at least one free NH 3 * function, 

they are not active with respect to the recognition signal 
recognized by a cell membrane receptor, 
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it being possible for the free NH 3 * functions of the 
abovementioned monomer units also to be substituted 
by at least one molecule which constitutes a recognition 
signal recognized by a cell membrane receptor, and/or 
by non -charged residues causing a reduction in the 
positive charges with respect to the same unsubstituled 
polymeric conjugate, facilitating salting out of the 
nucleic acid in the course of dissociation of the 
complex, with the proviso that all the abovementioned 
residues contain at least 30% of free NH 3 * functions, 
it being possible for the free NH 3 * functions of the 
abovementioned monomer units also to be substituted 
by at least one molecule which constitutes a recognition 
signal recognized by a cell membrane receptor, and/or 
by non-charged residues causing a reduction in the 
positive charges with respect to the same unsubstituled 
polymeric conjugate, facilitating salting out of the 
nucleic acid by dissociation of the complex, 
the abovementioned non-charged residues also having the 
following properties: 
they carry at least one hydroxyl group, 
they are not active with respect to the recognition signal 
recognized by a cell membrane receptor, 
M molecules constituting a recognition signal recognized by 
a cell membrane receptor optionally being present: 
by substitution of some of the free NH 3 * functions of 
the abovemenlioned monomer units (for example 
e-Nl I 3 + of lysine), or 
on some of the abovemenlioned non-charged residues 
causing a reduction in the charge (for example 
gluconyl), and in parU'cular on the hydroxyl groups 
of the abovementioned non-charged residues causing 
a reduction in charge, or 
on some of the abovementioned residues causing a 
destabilization of cell membranes (for example 
acetylimidazole), or 
by substitution of ihe optional free Nil 3 + function of ihe 
abovementioned residues causing a deslabilizalion 
of cell membranes (for example histidine), wilh the 
proviso that all ihe free NH 3 + functions make up at 
least 30% of the number of monomer units of the 
polymeric skeleton of the abovementioned poly- 
meric conjugate. 
The recognition signals can also cause a reduction in the 
positive charges of the polymeric conjugate if ihey are 
themselves neutral or acid and they are bonded lo the 
polymer by substitution of an NI l 3 + function causing Ihe loss 
of the + charge. 

The recognition signals are molecules of low molecular 
weight (<5,000 dallons). 

The number of molecules of the recognition signal 
bonded to the modified polymer can be: 
for a signal molecule of very high affinity wilh respect to 
its receptor (Ka>l0 7 1/mole), about 0.5 to 5, advanta- 
geously 1 molecule for about 10,000 monomer units of 
the subslitulcd polymer, that is to say 1 molecule for 
about 50 molecules of (he substituted polymer; 
for a signal molecule of high affinity with respect to its 
receptor (Ka beiween 10 s 1/mole and 10 7 1/mole), about 
0.5 to about 10, advantageously 1 molecule for about 
200 monomer units of the substituled polymer, that is 
to say 1 molecule for about 1 molecule of substituted 
polymer; 

for a signal molecule of moderate affinity with respect to 
its receptor (Ka<10 5 1/mole), about 10 to about 100, 
advantageously 50 molecules for about 200 monomer 
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units of the substituted polymer, that is to say 50 
molecules for about 1 molecule of substituted polymer. 
The family of quinolines is represented by the following 
formula: 



- (CI 13)3 — N — -Rj — R 2 




in which n has a value from 1 to 10, preferably 1 to 3. 

The family of pterines is represented by the following 
formula: 




20 



— NH — ^ — C0 ° H 



The family of pyridines is represented by the following 
formulae: 



COoH. co 2 h 



co 2 u 





The invention also relates to a complex in which the 
residues causing destabilization of cell membranes in a 
weakly acid medium are 

alkylimidazoles in which the alkyl radical contains 1 to 
10, in particular 2 to 6 carbon atoms, and in which only 
one of the nitrogen aloms of the imidazole nucleus is 
substituted, 
or quinolines of the formula: 

r 

NH CH (CH 2 ) 3 — N RjR^ 
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the optional free NH 3 * function of the abovementioned 
residues (for example histidine) can also be substituted 
by a molecule which constitutes a recognition signal 
recognized by a cell membrane receptor, 
5 with the proviso that all the free NH 3 * functions make up at 
least 30% of the number of monomer units of the polymeric 
skeleton of the abovementioned polymeric conjugate. 

The invention relates to a complex between at least one 
(negatively charged) nucleic acid and at least one positively 
10 charged polymeric conjugate, the bond between the nucleic 
acid and the polymeric conjugate being electrostatic in 
nature and the polymeric conjugate containing a polymer 
formed from monomer units carrying free NH 3 * functions, 
in particular residues of lysine or ornithine, and being such 
is that: 

the free NH 3 * functions of the abovementioned monomer 
units are substituted in a ratio of at least 10%, advan- 
tageously about 15% to about 45%, in particular 35%, 
by residues causing a destabilization of cell membranes 
in a weakly acid medium, 
the abovementioned residues also having the following 
properties: 

they carry an imidazole nucleus, 
they can carry at least one free NH 3 + function, 
they are not active with respect to the recognition 
signal, 

the remaining free NH 3 + functions of the abovementioned 
monomer units also being substituted to the extent of 
about 1% to about 60% by a molecule which consti- 
tutes a recognition signal recognized by a cell mem- 
brane receptor, this recognition signal having a molecu- 
lar weight of less than 5,000, and it being possible for 
this recognition signal to be present in an amount of one 
molecule for about 200 units of polymeric conjugate or 
about 60 molecules for about 200 units of polymeric 
conjugate, 

with the proviso that all the free N1I 3 + functions make up at 
least 30% of the number of monomer units of the polymeric 
skeleton of the abovementioned polymeric conjugate. 

The term "not active with respect to the recognition 
signal" indicates that on the one hand to date there are no 
known receptors which are specific to these residues and, on 
the other hand, these residues are not used as ligands. 

The invention also relates to a complex in which the 
polymer contains a polymeric grouping of the following 
formula (I): 



25 



(0 



50 



in which R } represents H and R 2 represents (CH 2 )„ — C0 2 — 
H, n being an integer varying from 1 to 10, and preferably 
having a value of 1 lo 3. 

The invention also relates lo a complex in which the 
residues causing destabilization of cell membranes are cho- 
sen from: histidine, 4-carboxymelhyl-imidazole, 3-(l- 
mclhyl-imidazol-4-yl)-alaninc, 3-(3-m ethyl- imidazol-4-yl)- 
alanine, 2-carboxy-imidazole, histamine, 3-(imidazol-4-yl)- 
L-lactic acid, 2-(l-melhyl-imidazol-4-yl)elhylamine, 2-(3 - 
methyl-imidazol-4-yl)ethylamine, P-alanyl-histidine- 
(carnosine), 7-chloro-4-(amino-l-methylbutylamino) 
quinoline, N 4 -(7-chloro-4-qumolinyl)-l,4-penlancdiamine, 
8-(4-amino-l-methylbutylamino)-6-methoxyquinoline 
(primaquine), N 4 -(6-meihoxy-8-quinolinyl)-l,4- 
pentanediamine, quininic acid, quinolinecarboxylic acid, 
pteroic acid, nicotinic acid and quinolinic acid, in which 



-NH — ch — c- 

I II 
(CHj), O 

R 
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in which: 

p is an integer varying from 15 to 900, preferably 10O to 
• 300, 

n is an integer varying from 1 to 6, and preferably has the 
value 4, 

this polymeric grouping contains radicals R among 
which: 

10% to 45% of the number of radicals R representing 
a residue carrying an imidazole nucleus and option- 
ally a free NH 3 + function, in particular a histidyl 
residue, it being possible for R to be represented by 
the formula: 
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N jj CHj— CH — CO — NH N j] CHj— CH — CO NH- 

KJ > KJ 



20 



30 



10 

it being possible for the optional NH 3 * function of the 
abovementioned residues also to be substituted by a 
molecule which constitutes a recognition signal, 
10% to 90% of the number of radicals R representing 
free co-amino NH 3 * and optionally being substituted 15 
to the extent of 0 to 50% by a molecule which 
constitutes a recognition signal, in particular to the 
extent of 0 to 60, advantageously 1 molecule for 
about 200 units, or to the extent of 2 to 100, 
advantageously 50 molecules for about 200 units, 
and/or 

it also being possible for R to be made up to the extent 
of 0 to 45% of a group NH — CO — (CHOH) m — R a , 
in particular a dihydroxypropionylamido, 25 
erythronylamido, threonylamido, ribonylamido, 
arabinylamido, xylonylamido, lyxonylamido, 
gluconylamido, galactonylamido, mannonylamido, 
glycoheplonylamido or glycooctonylamido radical, 
m is an integer from 2 to 15, preferably 2 to 7, R x 
represents II or an alkyl radical having 1 lo 15 carbon 
atoms, in particular CH 3 , it being possible for these 
radicals to be substituted by a molecule which con- 
stitutes a recognition signal, with the proviso that all 35 
the free NH 3 * functions make up at least 30% of the 
number of monomer units of the polymeric skeleton 
of the abovementioned polymeric conjugate. 
In this class of complexes of the invention, the polymer is 
polylysine or polyornithine. 

As shown by the examples, HepG2 (human 
hepatocarcinoma) cells are transfected effectively by polyl- 
ysine substituted by 70 histidyl residues. 

Polylysine substituted by 30±10% histidine has allowed 
transfection of various cells (human and murine) with a high 
efficiency, modulated according lo the cell type and the 
promoter used. 

The invention also relates to a complex in which the 
polymer comprises a polymeric grouping of the following 50 
formula (II): 



40 



45 



-NH CH C- 

I II 

(CH 2 ) 4 O 

R 



55 



it being possible for the NH 3 + functions of the above- 
mentioned residues also to be substituted by a molecule 
which constitutes a recognition signal, 
the remainder of the radicals, that is to say 30% to 90% 
of the number of radicals R, representing co-ami no 
NH 3 * and it being possible for 0 to 45% of the 
radicals R to be substituted by a molecule which 
constitutes a recognition signal recognized by a cell 
membrane receptor, 
with the proviso that all the free NH 3 + functions make up at 
least 30% of the number of monomer units of the polymeric 
skeleton of the abovementioned polymeric conjugate. 

The invention also relates to a complex, which is char- 
acterized in that the recognition signal is chosen from: 

A) — simple or complex osides recognized by membrane 
lectins and chosen from: 

a. Asialo-oligosidc of the type of triantennar laclosaminc: 
asialoglycoprolein receptor 

Gaip 4GlcNAcp 2 — Mana 6^ 

Gaip 4GlcNAcp 4^ Man? 4GlcNAc0 2 4GlcNAcp— 

Mana3 
Gaip4GlcNAc32 i/r 



b. Asialo-oligoside of the type of letraanlennar lac- 
tosamine: asialoglycoprotein receplor 



Gaip 4GlcNAcp 



\ 



Ma no. 6, 



Gaip 4GlcNAcp 2 



/ 



Gaip 4GlcNAcP 4 



Mana3 



i 

\ 

I 

/ 



Manp 4G1cNAcP 4GlcNAcp— 



/ 



Gaip 4GlcNAcp 2 



c. Lewis x: LECAM 2/3 



Gaip 4 ( 



V 



/ 



GlcNAcP 3Gal|J- 



Fuca3 



in which: 



60 d. Lewis x sialyl: LECAM 3/2 



p has the meanings indicated above, 

10% to 45% of the number of radicals R represent a 
residue carrying an imidazole nucleus and optionally a 65 
free NH 3 + function, in particular a histidyl residue, it 
being possible for R to be represented by the formula 



Kcu5Aca3Galp4, 



\ 



/ 



GlcNAcP 3Galf— 



Fucu 3 
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e. Sulphaled Lewis x derivative (HNK1): LECAM 1 



(SOj-)3GlcUAp3Gaip4, 



\ 



Fuca3 



GlcNAcMGalfUGlc 



f. Oligomannoside: niannose receptor 



Mana 2Mana 6. 



10 



Mana 3 



\ 

Mana 6 V 
/ \ 



ManP 4GlcNAcP 4GlcNAcp— 



Mana 2Mana Mana 3* 

;. Phosphorylaled oligomannoside: mannose 6-phosphate 
receptor 



15 



(HPOy)6^ 

Mana 6 

/ \ 

Mana 2 . Mana 
Mana 3 



(HPO r )fi 



Manfl 4GlcNAc|J 4GlcNAc|l— 



20 



25 



Mana 2 



\ | 

JAana 2 Mana 3 



30 



h. Oligosaccharide of the type of sulphated lactosarnine: 
sulphated GalNAc 4 receptor 



(S0 3 -) 4Glc NAc|J 4GlcNAcP 2Mana 6 



Man(S 4GlcNAcp 4GlcNAcp—— 



(SO3-) 4G)c NAcP 4G!cNAcP 2Mana / 
B) Peptides 

a. anti-inflammatory peptides or certain of their fragments 
recognized by receptors of the vascular wall, such as 
vasodilator intestinal polypeptide (VIP) 

HSDAVFTDNYTRLRKQMAVKKYLNSILN-NH, (SEQ 
ID NO:2) 

atrial natriuretic polypeptide (ANP) 
SLRRSSCFGGRMDRIGAQSGLGCNSFRY (SEQ ID 
NO:3) 

Iipocortin 
HDMNKVLDL (SEQ ID NO:4) 

bradykinin 
RPPGFSPFR (SEQ ID NO:5); 

b. ligand peptides of integrins, such as peptides containing 
the sequence RGD, fibronectin ligand; 

c. chemiotactic factors, such as formyl-peptides and their 
antagonists: FMLP, (N-formyl-Met-Leu-Phe); 

d. peptide hormones, such as a-MSH: 
Ac-SYSMEHFRWG KP V-NH 2 (SEQ ID NO:6) and their 

antagonists. 
C) Natural metabolites, such as: 
biotin, 
carnitine, 

tctrahydrofolalc and folic acid, which can be both a 
recognition signal with respect to certain cells having 
suitable receptors and a deslabilizer of cell membranes. 
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The invention also relates to a complex, which is char- 
acterized in that the nucleic acid can be chosen from; 

a) marker genes, such as 
genes containing luciferase, 

green protein of the jellyfish Aequarea Victoria, 
genes containing P-galactosidase, 
genes containing chloramphenicol acetyltransferase, 
genes which confer resistance to an antibiotic, such as 
hygromycin, neomycin etc ... ; 

b) genes with a therapeutic purpose, such as 
receptors of lipoproteins of low-density, which arc defi- 
cient in cases of hypercholesterolemia, 

coagulation factors: factors VIII and IX, 
phenylalanine hydroxylase (phenylketonuria), 
adenosine deaminase (ADA immunodeficiency), 
lysosomal enzymes, such as 0-glucosidase in the case of 
Gaucher's disease, 

dystrophin and minidistriphin (myopathy), 
tyrosine hydroxylase (Parkinson), 
neurone growth factors (Alzheimer), 
CFTR cystic fibrosis transmembrane conductance regu- 
lator (cystic fibrosis), 
alpha- 1 -antitrypsin, 

cytokines (inlerleukins, TNF tumour necrosing factor), 
thymidine kinase of the Herpes simplex virus, 
proteins of MHC, major histocompatibility complex, in 

particular HLA-B7, 
cytosine deaminase, 

genes which code for sense and anlisense RNAs, 

genes which code for ribozymes, 

c) genes for the purpose of vaccines 

genes which code for. viral antigens (vaccination), for 

example: the gene which codes for the nucleoprotein of 

the influenza virus. 
The invention also relates to a complex in which: 
the polymer, in particular polylysine, has a degree of 

polymerization of about 15 to about 900, preferably 

200, 

the free NH 3 + functions of the lysine units being substi- 
tuted in a ratio of 35% by histidyl residues and option- 
ally by a molecule which constitutes a recognition 
signal for 1 to 50 residues of lysine, where the said 
signal molecule has an affinity of at least 10 5 1 mole"- 1 
with respect to the receptor of the cell which the 
complex is to target, or optionally by 20 to 100 mol- 
ecules of recognition signal for 200 lysine residues, 
where the said signal molecule has an affinity of less 
than 10 s I mole -1 with respect to the said receptor, 

the nucleic acid has a molecular weight of about 10 6 to 
about 10 8 , in particular 3.10 6 to 30.10 6 , 

the ratio between the average number of base pairs of the 
nucleic acid per molecule of monomer unit, in particu- 
lar lysine, is about 0.2 to about 6, preferably about 0.4 
to about 0.6. 

With regard to the affinities: 

for a signal molecule of very high affinity with respect to 
its receptor (Ka>10 7 1/mole), about 0.5 to 5, advanta- 
geously 1 molecule for about 10,000 monomer units of 
the substituted polymer, that is to say 1 molecule for 
about 50 molecules of substituted polymer; 

for a signal molecule of high affinity with respect to its 
receptor (Ka between 10 5 1/mole and 10 7 1/mole), about 
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0.5 to about 10, advantageously 1 molecule for about 
200 monomer units of the substituted polymer, that is 
to say 1 molecule for about 1 molecule of substituted 
polymer; 

for a signal molecule of moderate affinity with respect to 
its receptor (Ka<10 s 1/mole), about 10 to about 100, 
advantageously 50 molecules for about 200 monomer 
units of the substituted polymer, that is to say 50 
molecules for about 1 molecule of substituted polymer. 

The invention also relates to a positively charged poly- 
meric conjugate containing units carrying free NH 3 * func- 
tions and being such that: 

the free NH 3 + functions of the abovemcnlioned monomer 
units are substituted in a ratio of at least 10%, advan- 
tageously about 15% to about 45%, in particular 35%, 
this ratio being determined, for example, by nuclear 
magnetic resonance, by residues which can be proto- 
nated in a weakly acid medium causing destabilization 
of cell membranes, in particular the membrane of 
endocytosis vesicles, in a weakly acid medium, 

the abovementioned residues also having the following 
properties: 

they carry a functional group which enables them to be 

bonded to the abovementioned polymer, 
they are not active with respect to the recognition signal 

recognized by a cell membrane receptor, 
they can carry at least one free NH 3 + function, 
it being possible for the free NH 3 * functions of the 
abovementioned monomer units also to be substituted 
by non-charged residues causing a reduction in the 
positive charges with respect to the same unsubstituted 
polymeric conjugate, facilitating salting out of the 
nucleic acid by dissociation of the complex, 
the abovementioned non-charged residues also having the 
following properties: 
they carry at least one hydroxyl group, 
they are not active with respect to the recognition signal 

recognized by a cell membrane receptor, 
it being possible for the hydroxyl groups of the above- 
mentioned non-charged residues to be substituted by 
at least one molecule which constitutes a recognition 
signal recognized by a cell membrane receptor, 
molecules constituting a recognition signal recognized by 
a cell membrane receptor optionally being present: 
by substitution of some of the free NH 3 + functions of 
the abovementioned monomer units (for example 
e-NH 3 + of lysines), or 
on some of the abovementioned non-charged residues 
causing a reduction in the charge (for example 
gluconyl), and in particular on the hydroxyl groups 
of the abovementioned non-charged residues causing 
a reduclion in charge, or 
on some of the abovementioned residues causing a 
destabilization of cell membranes (for example 
acetylimidazole), or 
by substitution of the optional free NU^ function of the 
abovementioned residues causing a destabilization 
of cell membranes (for example histidine), 
with the proviso that all the free NII 3 + functions make up at 
least 30% of the number of monomer units of the polymeric 
skeleton of the abovementioned polymeric conjugate. 

The invention also relates to a polymeric conjugate as 
defined above or containing a polymeric grouping as defined 
above. 

According to an advantageous embodiment of the 
invention, the polymeric conjugate is chosen from histidy- 
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lated polylysine substituted by lactose, histidylated polyl- 
ysine substituted by a complex oligoside such as Lewis 6 , 
histidylated polylysine substituted by the peptide AN?, or 
histidylated polylysine substituted by biotin. 

The polymeric conjugates of the invention can be pre- 
pared by one of the methods described in the following 
tables: 

Table I: Methods for preparation of polymeric conjugates 
with recognition signals bonded to certain monomeric units 
of the polymer. 

The respective order of introduction of residues respon- 
sible for destabilization, those responsible for the reduction 
in charge and recognition signals on to the polymer has been 







POLYMER 








residues 






responsible for 


responsible for the 




Method 


destabilization 


reduclion in charge 


recognition signal 


I 


1 




2 


It 


2 




1 


in 


1 


2 


3 


IV 


1 


3 


2 


v 


2 


1 


3 


VI 


3 


1 


2 


VII 


2 


3 


1 


vin 


3 


2 


1 



Table II: Methods for preparation of polymeric conjugates 
with recognition signals bonded to certain residues respon- 
sible for destabilization of membranes. 

The respective order of introduction of residues respon- 
sible for destabilization, those responsible for the reduction 
in charge and recognition signals on to the polymer has been 
indicated by 1, 2 and 3. 







POLYMER 








residues 






responsible for 


responsible for the 




Method 


destabilization 


reduction in charge 


recognition signal 


IX 


1 




2 


X 


1 


2 


3 


XI 


1 


3 


2 


XII 


2 


1 


3 



Table III: Methods for preparation of polymeric conju- 
gates with recognition signals bonded to certain residues 
responsible for the reduction in charge. 

The respective order of introduction of residues respon- 
sible for destabilization, those responsible for the reduclion 
in charge and recognition signals on to the polymer has been 
indicated by 1, 2 and 3. 
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responsible for 


responsible for the 




Method 


destabilization 


reduction in charge 


recognition sigoat 


XII 
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XIV 
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XV 


1 


2 


3 
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The residues responsible for destabilization of mem- 
branes are chosen from: histidine, 4-carboxymetbyl- 
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imidazole, S^lMiiethyl-imidazoM-yO-alanine, 3-(I-methyl- b) The monomer units of the polymer carrying a free 

imidazol-4-yl)-aIanine, 2-carboxy-imidazoIe, histamine, NH 3 * function are then partly substituted by residues caus- 

3-(imidazol-4-yl)-L-lactic acid, 2-(l-mcthyI-imidazol-4-yl)- ing a destabilization of cell membranes, for example, after 

ethylamine, 2-(3-methyl-imidazol-4-yl)-elhylamine, reaction in an organic medium with histidine, in which the 

P-alanyl-histidine, 7-chIoro-4-(amino-l- 5 ctNI V group and theNH group of the imidazole nucleus a re 

methyIbutylamino)-quinoline, N 4 -(7-chIoro-4-quinolinyl)- protected by tert-butyloxycarbonyl, in the presence of a 

1,4-pentanediamine, 8-(4-amino-l-methylbutyIamino)-6- coupling agent, such as benzotriazolyl-N- 

methoxy-quinoline, N -(6-methoxy-8-quinolinyl)-l,4- oxytrisdimethylaminophosphonium hexafluorophosphate. 

pentanediamine, quininic acid, quinolinecarboxyh'c acid, reacu ' on and purification, the amino functions of the 

pteroic acid, nicotinic acid and quinolinic acid. ' io residuc s of the polymer obtained are deprotected. 

The residues responsible for the reduction in charge are c ) "P* re r c °g nitioQ si S°ak are bonded to dithiopyridyl 

chosen from: dihydroxypropionyl, erythronyi, threonyl, goings of the polymer 

ribonyl, arabinyl, xylonyl, lyxonyl, gluconyl, galactonyl, ® y ? , lh ? b ° D ? 1D 8 : of ^cogmtion signals 

""stsr?^- r J r •/ Mfisssisar "* " - 

The recognition signals are chosen from: osides, is i) Bonding of Osides 
oligosides, peptides metabolites, agonists and antagonists. simpIe os f des derived from fiIyco tides wilh a dhhi . 

By way of example, the various methods of the tables are 0 pyridyl function (pyroglutamyl.NH^CH 2 ) 2 -S--S- 

desenbed: ... t pyridine) by a method described in Monsigny et al., (French 

I) The recognition signals are bonded to certain mono- Patent 9407738, Monsigny M, Sdiqui N, Roche A C and 
menc units of the polymer after introduction of the residues 20 Mayer R., 1994, Nouveaux derives d'oligosides, leur pro- 
causing a destabilization of the cell membrane in the fol- cede* de preparation et leurs applications [New derivatives of 
Io ^ x n S manr \ c ^ ohgosides, a process for their preparation and their uses]) 

A) Method I and Sdiqui et al., (1995 New synthesis of glyco-arnino acid 

Nicotmylated Polylysine conjugates, Carbohyd. Letters 1:269-275) are reduced and 

a) Monomer units of the polymer carrying a free NH 3 + 25 bonded in an aqueous medium, buffered at a neutral pH, to 
function are partly substituted by residues causing destabi- dithiopyridyl functions of the polymer. 

lization of cell membranes. For example, polylysine (in 2) Bonding of Oligosides 

particular in the p-toluenesulphonate form) is dissolved in an Complex oligosides, such as bi-, tri- or tetra-antennar or 

organic solvent (in particular dimelhylsulphoxide) in the Lewis asialo-oligosides derived from glycopeplides with a 
presence of a base (in particular diisopropylethylamine), 30 dithiopyridyl function (pyroglularayl-NH— (CI-y 2 — S— S- 

molecules which cause destabilization of cell membranes (in pyridine) by a method described in Monsigny et al. 2 , (French 

particular nicotinic acid) and a coupling agent (in particular Patent 9407738, Monsigny M., Sdiqui N., Roche A. C. and 

benzotnazolyl-N-oxytrisdimethylaminophosphonium Mayer R., 1994, Nouveaux derives d'oligosides, leur pro- 

hexafluorophosphate). ce^ de preparation et leurs applications [New derivatives of 

b) The recognition signals are bonded to certain e-amino 35 oligosides, a process for their preparation and their uses]) 
groupings of lysyl residues of the polymer. and Sdiqui et al., (1995 New synthesis of glyco-amino acid 

By way of example of the bonding of recognition signals conjugates, Carbohyd. Letters 1:269-275) are reduced and 

on to nicotmylated polylysine, the bonding of osides or bonded in an aqueous medium, buffered at a neutral pH to 

oligosides is indicated below. dithiopyridyl functions of the polymer. 

1) Bonding of Osides 40 B) Method III 

Simple osides in the form of phenyl isotbiocyanate Nicotinylated and Gluconylated Polylysine 

derivatives are bonded to certain e-araino functions of free a) The monomer units of the polymer carrying a free 

lysyl residues of polylysine as described previously in NH 3 + function are partly substituted by residues causing 

Midoux et al, (Nucleic Acids Res. 1993 21: 871-878). destabilization of cell membranes. For example glucony- 

2) Bonding of Oligosides 45 lated polylysine is dissolved in an organic solvent (in 
Complex ohgosides, such as bi-, tri- or tetra-antennar or particular dimelhylsulphoxide) in the presence of a base (in 

Lewis asialo-oligosides are obtained in the form of phenyl particular diisopropylethylamine), molecules which cause 

isothiocyanate derivatives of glycopeplides by a method destabilization of cell membranes (in particular nicotinic 

described in Monsigny et al., (French Patent 9407738, acid) and a coupling agent (in particular benzoiriazoIyl-N- 

Monsigny M., Sdiqui R, Roche A. C. and Mayer R., 1994, so oxytrisdimethylaminophosphonium hexafluorophosphate) 

Nouveaux derives d'oligosides, leur procede de preparation b) The monomer units of the polymer carrying an NH3 4 " 

et leurs applications [New oligoside derivatives, a process function which is still free are then partly substituted by 

for their preparation and their uses]) and Sdiqui et al. (1995 non-charged residues causing a reduction in charge. As 

New synthesis of glyco-amino acid conjugates, Carbohyd. regards bonding of residues causing the reduction in charge, 

Letters 1, 269-275). Glycopeplides in the form of phenyl 55 for example, a polylysine salt (in particular in the form of the 

isothiocyanate derivatives are bonded to certain e-amino p-loluenesulphonate) is dissolved in an organic solvent (in 

functiODS of free lysyl residues of polylysine as described particular dimelhylsulphoxide) in the presence of a base (in 

previously in Midoux et al., (Nucleic Acids Res. 1993, 21: particular diisopropylethylamine) and an activated hydroxy- 

871-878). l alec j or g an i c ( 1D particular 6-gIuconolacione). 

Mislidylated Polylysine 60 c) The recognition signals are bonded to certain e-amino 

a) JTbe monomer units of the polymer carrying a free groupings of the lysyl residues of the polymer. 

NH 3 + function are partly substituted by residues carrying a By way of example of the bonding of recognition signals 

function which allows subsequent bonding of other on to histidylated polylysine, the bonding of osides or 

molecules, such as those which will constitute a recognition oligosides is indicated below, 

signal, for example, after reaction in an organic medium 65 1) Bonding of Osides 

with an N-hydroxysuccinimide ester of dithiopyridine- Simple osides in the form of phenyl isothiocyanate 

propionic acid or its derivatives. derivatives are bonded to certain e-amino functions of free 
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lysyl residues of polylysine as described previously in 
Midoux et al., (Nucleic Acids Res. 1993 21: 871^878). 
2) Bonding of Oligosidcs 

Complex oligosides, such as bi-, In- or tetra-antennar or 
Lewis asialo-oligosides are obtained in the form of phenyl 
isothiocyanale derivatives of glycopeptides by a method 
described in Monsigny et al. (French Patent 9407738, Mon- 
signy M., Sdiqui N., Roche A. C. and Mayer R., 1994, 
Nouveaux derives d'oligosides, leur proc6d£ de preparation 
et leurs applications [New oligoside derivatives, a process 
for their preparation and their uses]) and Sdiqui ct al (1995 
New synthesis of glyco-amino acid conjugates. Carbohyd. 
Letters 1:69-275). Glycopeptides in the form of phenyl 
isothiocyanale derivatives are bonded to certain e-amino 
functions of free lysyl residues of polylysine as described 
previously in Midoux et al., (Nucleic Acids Res. 1993, 
21:871-878). 

C) Method V 

Gluconylaled and Histidylated Polylysine 
a) The monomer units of the polymer carrying a free 
NH 3 "** function are partly substituted by residues carrying a 
function which allows subsequent bonding of other mol- 
ecules. As regards the bonding of recognition signals, for 
example, a polylysine salt (in particular in the form of the 
p-toluenesulphonate) is dissolved in an organic solvent (in 
particular dimethylsulphoxide) in the presence of a base (in 
particular di isopropy lethylamine) and the 
N-hydroxysuccinimide ester of dithiopyridine-propionic 
acid or its derivatives. 
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conjugates, Carbohyd. Letters 1:269-275) are reduced and 
bonded in an aqueous medium, buffered at a neutral pH, to 
dithiopyridyl functions of the polymer. 
2) Bonding of Oligosides 

Complex oligosides, such as bi-, tri- or tetra-antennar or 
Lewis asialo-oligosides derived from glycopeptides with a 
dithiopyridyl function (pyroglutamyl-NH— (CH^ — S — S- 
pyridine) by a method described in Monsigny et al., (French 
Patent 9407738, Monsigny M., Sdiqui N., Roche A. C. and 
Mayer R., 1994, Nouveaux denvds d'oligosides, leur pro- 
c6d6 de preparation et leurs applications [New derivatives of 
oligosides, a process for their preparation and their uses]) 
and Sdiqui et al., (1995 New synthesis of glyco-amino acid 
conjugates, Carbohyd. Letters 1:269-275) are reduced and 
bonded in an aqueous medium, buffered at a neutral pH, to 
dithiopyridyl functions of the polymer. 

Gluconylated and Nicotinylated Polylysine 

a) The monomer units of the polymer carrying an NH 3 + 
function which is still free are partly substituted by non- 
charged residues causing a reduction in charge. As regards 
the bonding of residues causing the reduction in charge, for 
example, a polylysine salt (in particular in the form of the 
p-toluencsulphonatc) is dissolved in an organic solvent (in 
particular dimethylsulphoxide) in the presence of a base (in 
particular diisopropylelhylamine) and an activated hydroxy- 
lated organic acid (in particular fi-gluconolactone). 

b) The monomer units of the polymer carrying a free 
NH3 4 " function are then partly substituted by residues caus- 
ing a destabilizalion of cell membranes. For example, glu- 
conylated polylysine is dissolved in an organic solvent (in 



b) The monomer units of the polymer carrying an NH 3 + 30 particular dimethylsulphoxide) in the presence of a base (in 
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function which is still free are then partly substituted by 
non-charged residues causing a reduction in charge. As 
regards the bonding of residues causing the reduction in 
charge, for example, a polylysine salt (in particular in the 
form of the p-toluenesulphonale) is dissolved in an organic 35 
solvent (in particular dimethylsulphoxide) in the presence of 
a base (in particular diisopropylelhylamine) and an activated 
hydroxylaled organic acid (in particular 6-gIuconolaclone). 

c) The monomer units of the polymer carrying an NH 3 * 
function which is still free are then partly substituted by 
residues causing a destabilizalion of cell membranes. As 
regards the bonding of residues causing a destabilizalion of 
cell membranes, for example, a polylysine salt (in particular 
in the form of the p-loluenesulphonaie) is dissolved in an 
organic solvent (in particular dimethylsulphoxide) in the 
presence of a base (in particular diisopropylelhylamine), 
molecules which cause a destabilizalion of cell membranes 
(in particular histidine in which the aNH 3 + group and the 
NH group of the imidazole nucleus are protected by tert- 
butyloxycarbonyl) and a coupling agent (in particular 50 
benzotriazolyl-N-oxytrisdimelhylaminophosphonium 
hexafluorophosphate). After purification, the protected 
amino functions of the histidyl residues are deprotecled. 

d) The recognition signals are bonded to dithiopyridyl 
groupings of the polymer. 

By way of example of the bonding of recognition signals 
on to histidylated polylysine, the bonding of osides or 
oligosides is indicated below. 

1) Bonding of Osides 

Simple osides derived from glycopeptides wilh a dithi- 
opyridyl function (pyroglulamyl-NH — (CH 2 ) 2 — S — S- 
pyridine) by a meihod described in Monsigny et al., (French 
Patent 9407738, Monsigny M., Sdiqui N, Roche A. C. and 
Mayer R., 1994, Nouveaux d6riv£s d'oligosides, leur pro- 
cede de preparation et leurs applications [New derivatives of 
oligosides, a process for their preparation and their uses]) 
and Sdiqui et al., (1995 New synthesis of glyco-amino acid 



55 



60 



65 



particular diisopropylelhylamine), molecules which cause a 
destabilizalion of cell membranes (in particular nicotinic 
acid) and a coupling agent (in particular benzotriazolyl-N- 
oxytrisdimethylaminophosphonium hexafluorophosphale). 

c) The recognition signals are bonded to certain e-amino 
groupings of the lysyl residues of the polymer. 

By way of example of the bonding of recognition signals 
on to histidylated polylysine, the bonding of osides or 
oligosides is indicated below. 

1) Bonding of Osides 

Simple osides in the form of phenyl isothiocyanale 
derivatives are bonded to certain e-amino functions of free 
lysyl residues of polylysine as described previously in 
Midoux et al, (Nucleic Acids Res. 1993, 21:871-878). 

2) Bonding of Oligosides 

Complex oligosides, such as bi-, tri- or tetra-antennar or 
Lewis asialo-oligosides are obtained in the form of phenyl 
isotbiocyanate derivatives of glycopeptides by a method 
described in Monsigny et al., (French Patent 9407738, 
Monsigny M., Sdiqui N., Roche A. C. and Mayer R., 1994, 
Nouveaux derives d'oligosides, leur procede de preparation 
et leurs applications [New oligoside derivatives, a process 
for their preparation and their uses]) and Sdiqui et al., (1995 
New synthesis of glyco-amino acid conjugates, Carbohyd. 
Letters 1:269-275). Glycopeptides in the form of phenyl 
isothiocyanale derivatives are bonded to certain e-amino 
functions of free lysyl residues of polylysine as described 
previously in Midoux et al., (Nucleic Acids Res. 1993, 21: 
871-878). 

II) The recognition signals are bonded to certain mono- 
melic units of the polymer before introduction of residues 
causing a deslabilization of cell membranes, in the following 
manner: 

A) Meihod II 

Nicotinylated Polylysine 

These substitutions follow any one of the protocols 
known to the person skilled in the art. 
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a) By way of example of the bonding of recognition Letters 1:269-275). Glycopeptides in the form of phenyl 

sigoals on to polylysine (in particular in the form of the isothiocyanate derivatives are bonded to certain e-amino 

p-toluenesulphonate) dissolved in an organic solvent (in functions of free lysyl residues of polylysine as described 

particular dime thy lsulphoxide) in the presence of a base (in previously in Midoux et al., (Nucleic Acids Res. 1993, 21: 

particular diisopropylethylamine), the bonding of osides and 5 871-878). 

oligosides is indicated below. c) As regards the bonding of residues which cause desta- 

1) Bonding of Osides bilization of membranes, for example, polylysine substituted 
Simple osides in the form of phenyl isothiocyanate by osides or oligosides is dissolved in an organic solvent (in 

derivatives are bonded to certain e-amino functions of free particular dimethylsulphoxide) in the presence of a base (in 

lysyl residues of polylysine as described previously in 10 particular diisopropylethylamine), molecule which cause a 

Midoux et al., (Nucleic Acids Res. 1993 21: 871-878). destabilization of cell membranes (in particular nicotinic 

2) Bonding of Oligosides acid) and a coupling agent (in particular benzotriazoIyl-N- 
Complex oligosides, such as bi-, tri- or tetra-antennar or oxytrisdimethylaminophosphoniuni bexafluoropbosphale). 

Lewis asialo-oligosides are obtained in the form of phenyl III) The recognition signals are bonded to certain desta- 

isothiocyanate derivatives of glycopeptides by a method 15 bilizing residues 

described in Monsigny et al., (French Patent . 9407738, A) Method IX 

Monsigny M., Sdiqui N., Roche A. C. and Mayer R., 1994, Histidylated Polylysine 

Nouveaux d£riv6s d'oligosides, leurprocSde* de preparation a) The monomer units of the polymer carrying a free 
et leurs applications [New oligoside derivatives, a process NH 3 * function are partly substituted by residues causing a 
for their preparation and their uses]) and Sdiqui et al. (1995 20 destabilization of cell membranes. For example, after reac- 
New synthesis of glyco-amino acid conjugates, Carbohyd. tion in an organic medium with histidine, in which the NH 3 * 
Letters 1, 269-275). Glycopeptides in the form of phenyl group and the NH group of the imidazole nucleus are 
isothiocyanate derivatives are bonded to certain e-amino protected by tert-butyloxycarbonyl, in the presence of a 
functions of free lysyl residues of polylysine as described coupling agent, such as benzotriazolyl-N- 
previously in Midoux et al., (Nucleic Acids Res. 1993, 21: 25 oxytrisdimethylaminophospbonium hexafluorophosphate. 
871-878). After reaction and purification, the amino functions of the 
b) As regards the bonding of residues which cause desta- histidyl residues of the polymer obtained are deprotected. 
bilization of membranes, for example, polylysine substituted b) The recognition signals are bonded to certain NH^ 
by osides or oligosides is dissolved in an organic solvent (in groupings of the residues causing destabilization of mem- 
particular dimethylsulphoxide) in the presence of a base (in 30 branes. 

particular diisopropylethylamine), molecules which cause a By way of example of the bonding of recognition signals 

destabilization of cell membranes (in particular nicotinic on to the histidylated polylysine, the bonding of oligosides 

acid) and a coupling agent (in particular benzotriazolyl-N- is indicated below. 

oxytrisdimethylaminophosphonium hexafluorophosphate). Complex oligosides, such as the asialo-oligosides of the 

B) Method VI 35 triantennar or tetraantennar or Lewis type, are obtained in 

Gluconylated and Nicotinylated Polylysine the form of phenyl isothiocyanate derivatives of glycopep- 

These substitutions follow any one of the protocols tides by a method described in Monsigny et al., (French 

known to the person skilled in the art. Patent 9407738, Monsigny M., Sdiqui N., Roche A. C. and 

a) The monomer units of the polymer carrying an NH 3 + Mayer R., 1994, Nouveaux deVivSs d'oligosides, leur pro- 
function which is still free are partly substituted by non- 40 cede* de preparation et leurs applications [New derivatives of 
charged residues causing a reduction in charge. As regards oligosides, a process for their preparation and their uses]) 
the bonding of residues causing the reduction in charge, for and Sdiqui et al. (1995 New synthesis of glyco-amino acid 
example, a polylysine salt (in particular in the form of the conjugates, Carbohyd. Letters 1:269-275). The glycopep- 
p-toluenesulphonate) is dissolved in an organic solvent (in tides in the form of phenyl isothiocyanate derivatives are 
particular dimethylsulphoxide) in the presence of a base (in 45 bonded in an aqueous medium, buffered at a neutral pH, to 
particular diisopropylethylamine) and an activated hydroxy- certain NH 2 functions of the histidyl residues. At this pH, 
laled organic acid (in particular 6-gluconolactone). bonding to the lysine NH 3 + is very weak, or even irnpos- 

b) By way of example of the bonding of recognition sible. 

signals on to the gluconylated polylysine dissolved in an B) Method XII 

organic solvent (in particular dimethylsulphoxide) in the 50 Gluconylated and Histidylated Polylysine 

presence of a base (in particular diisopropylethylamine), the a) The monomer units of the polymer carrying a free 

bonding of osides or oligosides is indicated below. N1I 3 + function are partly substituted by non-charged resi- 

1) Bonding of Osides dues causing a reduction in charge. As regards the bonding 
Simple osides in the form of phenyl isothiocyanate of residues causing the reduction in charge, for example, a 

derivatives are bonded to certain e-amino functions of free 55 polylysine salt (in particular in the form of the 

lysyl residues of polylysine as described previously in p-io!uenesulphonate) is dissolved in an organic solvent (in 

Midoux et al., (Nucleic Acids Res. 1993 21: 871-878). particular dimethylsulphoxide) in the presence of a base (in 

2) Bonding of Oligosides particular diisopropylethylamine) and an activated hydroxy- 
Complex oligosides, such as bi-, tri- or tetra-antennar or lated organic acid (in particular 6-gluconolactone). 

Lewis asialo-oligosides are obtained in the form of phenyl 60 b) the monomer units of the polymer carrying an NII 3 + 

isothiocyanate derivatives of glycopeptides by a method function which is still free are then partly substituted by 

described in Monsigny et al., (French Patent 9407738, residues causing a destabilization of cell membranes. As 

Monsigny M., Sdiqui R, Roche A. C. and Mayer R., 1994, regards the bonding of residues causing a destabilization of 

Nouveaux derives d'oligosides, leur proc6de* de preparation cell membranes, for example, a polylysine salt (in particular 

et leurs applications [New oligoside derivatives, a process 65 in the form of the p-toluenesulphonate) is dissolved in an 

for their preparation and their uses]) and Sdiqui et al. (1995 organic solvent (in particular dimethylsulphoxide) in the 

New synthesis of glyco-amino acid conjugates, Carbohyd. presence of a base (in particular diisopropylethylamine), 
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molecules which cause a deslabilization of cell membranes 
(in particular histidine, in which the aNH 3 * group and the 
NH group of the imidazole nucleus are protected by tcrt- 
bulyloxycarbonyl) and a coupling agent (in particular 
benzotriazoIyl-N-oxytrisdimethylaminopbospbonium 
hexafluorophosphate). After purification, the protected 
amino functions of the histidyl residues are deprotecled. 

c) The recognition signals are bonded to certain NH3* 
groupings of residues causing a destabilization of mem- 
branes. 

By way of example of the bonding of recognition signals 
on to histidylated polylysine, the bonding of oligosides is 
indicated below. 

Complex oligosides, such as bi-, tri- or tetra-antennar or 
Lewis asialo-oligosides are obtained in the form of phenyl 
isothiocyanate derivatives of glycopeptides by a method 
described in Monsigny et al., (French Patent 9407738, 
Monsigny M, Sdiqui N., Roche A. C. and Mayer R., 1994, 
Nouveaux denves d'oligosides, leur proc6d6 de preparation 
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bromoacetamide derivatives, which are also excellent 
reagents for alkylation of imidazole residues (see, for 
example, Hcnrikson et al., 1965 J. Biol. Chem. 240:2921). 
This type of substitution, with the proviso of substitution of 
a small number of imidazole residues by recognition signals 
having a high affinity sufficient for their receptor, does not 
cause the polymer substituted by imidazole residues to lose 
its capacity for destabilizing membranes at a slightly acid 
P H. 

IV) The recognition signals are bonded to certain neu- 
tralizing residues. 
A) Method XIII 

Gluconylated and Imidazolated Polylysine 
a) The monomer units of the polymer carrying a free 
NH 3 + function are partly substituted by non-charged resi- 
dues causing a reduction in charge. As regards the bonding 
of residues causing the reduction in charge, for example, a 
polylysine salt (in particular in the form of the 
p-toluenesulphonate) is dissolved in an organic solvent (in 
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et leurs applications [New oligoside derivatives, a process 20 particular dime thy Isulphoxide) in the presence of a base (in 



for their preparation and their uses]) and Sdiqui et al. (1995 
New synthesis of glyco-amino acid conjugates, Carbohyd. 
Letters 1:269-275). Glycopeptides in the form of phenyl 
isothiocyanate derivatives are bonded to certain aNH func- 
tions of histidyl residues; at this pH, bonding to the lysine 
NH 3 + is very weak or even impossible. 

Q Method IX 

Imidazolated Polylysine 

a) The monomer units of the polymer carrying a free 



particular diisopropylethylamine) and two activated 
hydroxylatcd organic acids (in particular 6-dcoxy-6-iodo-6- 
gluconolactone in one part and 8-gIuconolactone in 10 to 50 
parts). 

25 b) The monomer units of the polymer carrying a free 
NH 3 * function are partly substituted by residues causing a 
destabilization of cell membranes. As regards the bonding of 
residues causing a destabilization of cell membranes, for 
example, a polylysine salt (in particular in the form of the 



NH 3 + function are partly substituted by residues causing a 30 p-toluenesulphonate) is dissolved in an organic solvent (in 



destabilization of cell membranes. As regards the bonding of 
residues causing a destabilization of cell membranes, for 
example, a polylysine salt (in particular in the form of the 
p-toluenesulphonate) is dissolved in an organic solvent (in 
particular dimethylsulphoxide) in the presence of a base (in 
particular diisopropylethylamine), molecules which cause a 
destabilization of cell membranes (in particular 
4-carboxymethyl-imidazole) and a coupling agent (in par- 
ticular ben zol ri a zo ly 1 -N- 

oxytrisdimethylaminophosphonium hexafluorophosphate). 

b) The recognition signals are bonded to certain imidazole 
nuclei of the residues causing a destabilization of mem- 
branes. 

By way of example of the bonding of recognition signals 
* to the imidazolated polylysine, the bonding of peptides or 
glycopeptides is indicated below. 

The imidazole residues can easily be alkylated in a neutral 
medium by compounds which have an activated grouping, 
such as, for example, iodoacetamide or its derivatives; this 
is known from the works by Korman S. and Clarke H. T. in 
1956 (J. Biol. Chem. 113:133). The alkylation of imidazoles 
by an iodoacetamide derivative is carried out at a pi I close 
to neutrality, for example 7.0. Al this pH, the e-araino groups 
of the lysine are not affected, but they would be at a much 
more alkaline pH of 9 or beyond. The recognition signals of 
a peptide or glycopeptide nature (Monsigny et al., French 
Patent 9407738, 1994, Nouveaux derives d'oligosides, leur 
procede de preparation et leurs applications [New deriva- 
tives of oligosides, a process for their preparation and their 
uses] and Sdiqui et al, 1995 New synthesis of glyco-amino 
acid conjugates. Carbohyd. Letters 1:269-275) can easily be 
substituted by an iodoacetamide grouping. The derivatives 
of the type ICII 2 CONHR: I — CI I 2 — CO — NI I-peptide or 
I — CH 2 — CO — NH-glycopeplide, are bonded in an aqueous 
medium, buffered at a neutral pH, to the 3-nilrogen, and with 
a lower efficiency to the 1-nitrogen, leading to stable 
N-carboxymethyl derivatives. It is also possible to use 
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particular dimethylsulphoxide) in the presence of a base (in 
particular diisopropylethylamine), molecules which cause a 
destabilization of cell membranes (in particular 

4- carboxymethyl-imidazole) and a coupling agent (in par- 
ticular benzotri azolyl-N- 
oxylrisdimethylaminophosphonium hexafluorophosphate). 

c) The recognition signals are bonded to certain neutral- 
izing residues. 

By way of example of the bonding of recognition signals 
on to the gluconylated and histidylated polylysine, the 
bonding of oligosides is indicated below. 

Complex oligosides, such as the bi-, tri- or tetra-antennar 
or Lewis asialo-oligosides derived from glycopeptides with 
a dithiopyridyl function (pyroglutamyl-NH — (CH 2 ) 2 — S — 

5- pyridine) by a method described in Monsigny et al., 
(French Patent 9407738, Monsigny M., Sdiqui N., Roche A. 
C. and Mayer R., 1994, Nouveaux derives d'oligosides, leur 
procede de preparation at leurs applications [New deriva- 
tives of oligosides, a process for their preparation and their 
uses]) and Sdiqui et al., (1995 New synthesis of glyco-amino 
acid conjugates, Carbohyd. Letters 1:269-275) are reduced 
by triscarboxyethylphosphine in a neutral medium (pll 
about 7.0), for example, and bonded in an aqueous medium, 
buffered at a slightly alkaline pH (al about pH 8.5), to the 

6- deoxy-6-iodo-gluconyl residues of the polymer. This type 
of substitution, with the proviso of substitution of a small 
number of imidazole residues by recognition signals having 
a high affinity for their receptor, does not cause the polymer 
substituted by imidazole residues to lose its capacity for 
destabilization of membranes at a slightly acid pi I. 

B) Method XIII 

Gluconylated and Imidazolated Polylysine 
a) The monomer units of the polymer carrying a free 
NTH 3 + function are partly substituted by non-charged resi- 
dues causing a reduction in charge. As regards the bonding 
of residues causing the reduction in charge, for example, a 
polylysine salt (in particular in the form of the 
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p-tolueoesulfoQate is dissolved in an organic solvent (in 
particular dimethylsulphoxide) in the presence of a base (in 
particular diisopropylelhylamine) and two activated 
bydroxylated organic acids (in particular 
6-bromoacetamido-L-gulono-l ^-lactone in one part and 
5-gluconolactone in 10 to 50 parts). 6-bromoacetamido-L- 
gulono-l,5-lactone is obtained after reduction by 
cyanoborobydride of the imine obtained by mixing an 
ammoniacal solution (NH 4 OH or (NH 4 ) 2 C0 3 ) and a solu- 
tion of a uronic acid, for example glucuronic acid, and then 
by acylation of the amine by an activated bromoacetate, for 
example bromoacetic anhydride or succinimidyl bromoac- 
etate. 

b) The monomer units of the polymer carrying a free 
NH 3 * function are partly substituted by residues causing a 
destabilization of cell membranes. As regards the bonding of 
residues causing a destabilization of cell membranes, for 
example, a polylysine salt (in particular in the form of the 
p-toluenesulfonate) is dissolved in an organic solvent (in 
particular dime thy lsulphoxide) in the presence of a base (in 
particular diisopropyletbylaminc), molecules which cause a 
destabilization of cell membranes (in particular 

4- carboxymethyl-imidazole) and a coupling agent (in par- 
ticular benzol riazolyl-N- 
oxytrisdimelhylaminophosphonium hexafiuorophosphate). 

c) The recognition signals are bonded to certain neutral- 
izing residues. 

By way of example of the bonding of recognition signals 
on to the gluconylated and histidylated polylysine, the 
bonding of oligosides is indicated below. 

Complex oligosides, such as the bi-, tri- or letra-antennar 
or Lewis asialo-oligosidcs derived from glycopeptides with 
a dithiopyridyl function pyroglutamyl-NH — (CH^ — S — 

5- pyridine) by a method described in Monsigny et al., 
(French Patent 9407738, Monsigny M., Sdiqui N., Roche A. 
C. and Mayer R., 1994, Nouveaux deVivSs d 'oligosides, leur 
procede* de preparation at leurs applications [New deriva- 
tives of oligosides, a process for their preparation and their 
uses]) and Sdiqui et al., (1995 New synthesis of glyco-amino 
acid conjugates, Carbohyd. Letters 1:269-275) are reduced 
by triscarboxyethylphosphine in a neutral medium (pH 
about 7.0), for example, and bonded in an aqueous medium, 
buffered at a slightly alkaline pi I (at about pi I 8.5), to the 
bromoacetamido-gluconyl residues of the polymer. This 
type of substitution, with the proviso of substitution of a 
small number of imidazole residues by recognition signals 
having a high affinity for their receptor, does not cause the 
polymer substituted by imidazole residues to lose its capac- 
ity for destabilization of membranes at a slightly acid pH. 

The nucleic acid/polymeric conjugate complex is 
obtained by mixing a solution of the nucleic acid in question 
and a solution of the polymeric conjugate. The said solutions 
are preferably prepared from physiological serum or a buffer 
or a cytocompalible medium. 

According to an advantageous embodiment of the 
invention, a complex as described above or a conjugate as 
described above is used for the in vitro, ex vivo or in vivo 
iransfection of cells with the aid of a gene, in particular those 
defined previously. 

According to an advantageous embodiment of the 
invention, a complex or a conjugate as described above is 
used, being characterized in that the cells are chosen from; 

cells of haematopoietic strains; 

dendritic cells; 

liver cells; 

skeletal muscle cells; 

skin cells: 
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fibroblasts, 
keratinocytes, 
dendritic cells, 
melanocytes; 
cells of the vascular walls; 
endothelial; 
smooth muscle; 
epithelial cells of the respiratory tract; 
cells of the central nervous system; 
cancerous cells; 
cells of the immune system, such as lymphocytes, 

macrophages, NK cells etc. 
According to an advantageous embodiment of the 
invention, the method of in vitro or ex vivo Iransfection is 
characterized in that a complex as described previously is 
brought into contact with a medium containing cells to be 
transfected under conditions such that there is: 
passage of the complex from the medium into the cyto- 
plasm of the cells, 
salting out of the nucleic acid involved in the abovemen- 
tioned complex in the cytosol and/or the nucleus of the 
cells, 

transcription and expression of the nucleic acid in the 

transfected cells, 
expression of the protein corresponding to the transfected 

gene. 

The invention also relates to a pharmaceutical 
composition, which is characterized in that it comprises, as 
the active substance, at least one of the complexes as 
described above, or at least one of the conjugates as 
described above, in combination with a pharmaceutical 
acceptable vehicle. 

According to an advantageous embodiment of the 
invention, a complex as described above or a conjugate as 
described above is used for the preparation of a medicament 
intended, for example, for treatment of congenital or 
acquired metabolic deficiency, or treatment of tumours, or 
for the preparation of a vaccine, for example a vaccine 
against influenza. 
The invention also relates to a set or kit comprising: 
a polymeric conjugate as described above, such as polyl- 
ysine substituted by a residue causing a destabilization 
of cell membranes in a weakly acid medium, this 
polymeric conjugate being capable of optionally car- 
rying a recognition signal, which is or is not bonded 
beforehand to the abovementioned polymeric 
conjugate, the said recognition signal being a function 
of the cell to be targeted, 
optionally a plasmid containing at least one gene to be 
transferred, and optionally the system for regulation of 
the expression of the abovementioned gene, 
reagents which allow optional bonding of the recognition 
signal on to the abovementioned polymeric conjugate, 
reagents which allow the formation of a complex as 
described above, or between the polymeric conjugate 
and the gene to be transferred, or between the poly- 
meric conjugate and a plasmid containing the gene to 
be transferred, 
reagents which allow transfection of the cell by the 
abovementioned complex. 

DESCRIPTION OF THE FIGURES 

FIG. 1 

This shows a fragment of polylysine (DP 190) partly 
substituted by histidyl residues. 
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FIG. 2 

This shows the NMR spectrum at 300 MHz in D 2 0 of 
polylysine (DP 190) substituted by 70 histidyl residues: 
1.28 to 1.88 ppm: 6 protons of carbons 3, 4 and 5 of 

substituted or unsubstituted lysines. 
2.39 ppm: protons of the CH 3 group of 

p-toluenesulp honate 
2.75 ppm: DMSO plot 

2.99 ppm: 2 protons of carbon 6 of an unsubstituted lysyl 
residue 

3.15 ppm: 2 protons of carbon 6 of a substituted lysyl 
residue 

3.35 ppm: 2 protons of carbon 9 of a histidyl residue 

4.36 ppm: 2 protons of carbons 2 and 8 
4.78 ppm: peak of water 

7.36 ppm: 2 protons (doublet, ortho-coupling constant = 

7.97 Hz) of the protons of carbons 2 and 6 of the 

aromatic ring of p-toluenesulphonate 
7.42 ppm: 1 proton of carbon 11 of a histidyl residue 
7.71 ppm: 2 protons (doublet, ortho-coupling constant* 

8.01 Hz) of the protons of carbons 3 and 5 of the 

aromatic ring of p-toluenesulphonate 

8.7 ppm: 1 proton of carbon 12 of a histidyl residue. 
FIG. 3 

This relates to the preparation of polylysine (DP 190) 
partly substituted by 70 histidyl residues. 

Poly-L-lysine in the hydrobromide form (average 
molecular weight 40,000; average degree of polymerization 
190) (1 g in 200 ml H 2 0) originating from Bachem 
Feinchemikalien (Budendorf, Switzerland) is first passed 
over an anion exchange column (Dowex 2x8, OH" form; 
35x2.5 cm) in order to remove the bromide, which is toxic 
to cells. The polylysine solution is neutralized with a 10% 
solution of p-toluenesulphonic acid in water and then lyo- 
philized. 

The polylysine is partly substituted with histidyl residues 
as follows: the polylysine in the form of the 
p-toluenesulphonate (50 mg; 0.96 //mole), dissolved in 3 ml 
DMSO (dimethylsulphoxide) in the presence of diisopropy- 
lethylamine (42 //l; 288 //moles) is reacted for 24 hours at 
20° C. with 32 mg (Boc)His(Boc)-OH (96 //moles) in the 
presence of 43 mg benzotriazoly I-N- 
oxytrisdimethylaminophosphonium hexafluorophosphate 
(BOP) (97 //moles). The histidyl residues are then depro- 
tected in the presence of 20 ml of a mixture of water and 
trifluoroacetic acid (TFA) (50/50 V/V) for 24 hours at 20° C. 
The water and the TFA arc removed by evaporation under 
reduced pressure. The polymer is precipitated by adding 10 
volumes of isopropanol. After centrifugation (1,800 gxl5 
minutes), the residue is washed with isopropanol and col- 
lected after renewed centrifugation. The residue is taken up 
in distilled water and the solution is lyophilized. The number 
x of histidyl residues bonded per molecule of polylysine is 
determined by proton NMR as follows: 
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where h fl 7 is the integral of the peak at 8.7 ppm correspond- 
ing to the proton of carbon 12 of a histidyl residue, h Lyst is 
the integral of peaks between 1.28 and 1.88 ppm corre- 
sponding to 6 protons of carbons 3, 4 and 5 of lysine residues 
and DP is the degree of polymerization of the polylysine 
(DP=190). The number of histidyl residues bonded per 65 
molecule of polylysine is x, and x=70 in the preparation 
described above. 



The DNA/HispLK complexes are formed by mixing the 
plasmid pCMVLUC (10 fig in 0.7 ml DMEM) and the 
polylysine substituted by 70 histidyl residues (40 fig in 0.3 
ml DMEM). After 30 minutes at 20° C, the solution 
containing the complexes is diluted once with DMEM and 
topped up with 5% fetal bovine serum. The DNA/pLK 
complexes are formed by mixing the plasmid pCMVLUC 
(10 fig in 0.7 ml DMEM) and the polylysine (5 fig in 0.3 ml 
in DMEM). After 30 minutes at 20° C, the solution con- 
taining the complexes is diluted once with DMEM and 
topped up with 5% fetal bovine serum and either with 100 
ftM chloroquine (+chloro) or 20 f*M of a fusiogenic peptide 
(+E5CA) (GLFEAIAEFIEGGWEGLIEGCA; SEQ ID 
NO:7). The medium in which the I IepG2 cells (3x10 s cells/4 
cm 2 ) have grown for 24 hours is removed and replaced by 
a solution (1 ml) containing a DNA/polymer complex (5 
//g/ml DNA). After incubation for 4 hours at 37° C., the cell 
medium is removed again and the cells are incubated in 
culture medium in the presence of 10% fetal bovine serum. 
20 The expression of the gene of luciferase was determined 48 
hours after the transfection by measuring the luminescence 
emitted (RLU: relative values of the light emitted expressed 
in arbitrary units) in the cell lysates for 4 seconds. 

From left to right on the abscissa axis, the first rectangle 
corresponds to the DNA/histidylated polylysine complex, 
the second rectangle corresponds to the DNA/polylysine 
complex, the third rectangle corresponds to the DNA/ 
polylysine complex to which chloroquine is added and the 
fourth rectangle corresponds to the DNA/polylysine com- 
plex to which the fusiogenic peptide E5CA is added. 

In the box: change in the efficiency of the transfection as 
a function of the amount of plasmid. 
FIG. 5 

This relates to the transfer of genes into HepG2 cells using 
polylysine (DP 190) partly substituted by histidyl residues. 
It shows the influence of the number of histidyl residues 
bonded per molecule of polylysine on the efficiency of the 
transfection. 

From left to right on the abscissa axis, the first rectangle 
corresponds to the DNA/unsubstituted polylysine complex, 
the second rectangle corresponds to the complex of DNA/ 
polylysine substituted by 19 histidyl residues, the third 
rectangle corresponds to the complex of DNA/polylysine 
substituted by 30 histidyl residues, the fourth rectangle 
corresponds to the complex of DNA/polylysine substituted 
by 46 histidyl residues, the fifth rectangle corresponds to the 
complex of DNA/polylysine substituted by 63 histidyl 
residues, the sixth rectangle corresponds to the complex of 
DNA/polylysine substituted by 70 histidyl residues and the 
seventh rectangle corresponds to the complex of DNA/ 
polylysine substituted by 84 histidyl residues. 

The DNA/HispLK complexes are formed by mixing the 
plasmid pCMVLUC (10 fig in 0.7 ml DMEM) and the 
polylysine substituted by a varying number of histidyl 
residues (40 //g in 0.3 ml DMEM). After 30 minutes at 20° 
C, the solution containing the complexes is diluted once 
with DMEM and topped up with foetal bovine serum (final 
concentration 10%). The medium in which the HepG2 cells 
(3x10 s cells/4 cm 2 ) have grown for 24 hours is removed and 
replaced by a solution (1 ml) containing a DNA/polymer 
complex (5 //g/ml DNA). After incubation for 4 hours at 37° 
C, the cell medium is removed again and the cells are 
incubated in culture medium in the presence of 10% foetal 
bovine serum. The expression of the gene of luciferase was 
determined 48 hours after the transfection by measuring the 
luminescence emitted (RLU: relative values of the light 
emitted expressed in arbitrary units) in the cell lysates for 4 
seconds. 



25 



30 



35 



40 



45 



SO 



55 



29 



US 6,372,499 Bl 



Under these conditions, 1 pg/ml luciferase produces 2,000 
RLU. 
FIG, 6 

This relates to the transfer of genes into HOS cells using 
poly lysine (DP 190) partly substituted by histidyl residues. 
It shows the influence of the DNA/poIymer ratio (expressed 
on the abscissa in fig polymer per 100 fig DNA) in the 
pCMVLUC/His^pLK complexes on the efficiency of the 
transfection. 

The DNA/HispLK complexes are formed by mixing the 
plasmid pCMVLUC (10 fig in 0.7 ml DMEM) and various 
amounts of polylysine substituted by 84 histidyl residues in 
0.3 ml DMEM. After 30 minutes at 20° C, the solution 
containing the complexes is diluted once with DMEM and 
topped up with 1% foetal bovine serum. The medium in 
which the HOS cells (2x10 s cells/4 cm 2 ) have grown for 24 
hours is removed and replaced by a solution (1 ml) contain- 
ing a DNA/polymer complex (5 fig/mX DNA). After incu- 
bation at 37° C. for 4 hours, the cell medium is removed 
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After incubation at 37° C. for 4 hours, the cell medium is 
removed again and the cells are incubated in culture medium 
in the presence of 10% foetal bovine serum. The expression 
of the gene of luciferase was determined 48 hours after the 
transfection by measuring the luminescence emitted (RLU: 
relative values of the light emitted expressed in arbitrary 
units) in the cell lysates for 4 seconds. 

Under these conditions, 1 pg/ml luciferase produces 2,000 
RLU. 

FIG. 9 

This relates to the transfer of genes into various cell lines 
using polylysine (DP 190) substituted by 84 histidyl resi- 
dues. The DNA/HispLK complexes are formed by mixing 
the plasmid pCMVLUC (10 fig in 0.7 ml DMEM) and 
polylysine substituted by 84 histidyl residues in 0.3 ml 
DMEM. After 30 minutes at 20° C, the solution containing 
the complexes is diluted once with DMEM and topped up to 
10% with foetal bovine serum. The medium in which the 
cells (2-3xl0 5 cells/4 cm 2 ) have grown for 24 hours is 
removed and replaced by a solution containing a DNA/ 
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presence of 10% foetal bovine serum. The expression of the 
gene of luciferase was determined 48 hours after the trans- 
fection by measuring the luminescence emitted (RLU: rela- 
tive values of the light emitted expressed in arbitrary units) 
in the cell lysates for 4 seconds. 

Under these conditions, 1 pg/ml luciferase produces 2,000 
RLU. 

FIG. 7 

This relates to the transfer of genes into HepG2 cells using 
polylysine (DP 190) partly substituted by histidyl residues. 
It shows the influence of the incubation time (expressed in 
hours on the abscissa) of the pCMVLUC/His 70 pLK com- 
plexes with the cells on the efficiency of the transfection. 
The DNA/HispLK complexes are formed by mixing the 
plasmid pCMVLUC (10 fig in 0.7 ml DMEM) and polyl- 
ysine substituted by 70 histidyl residues (40 mg in 0.3 ml 
DMEM). After 30 minutes at 20° C, the solution containing 
the complexes is diluted once with DMEM and topped up to 
10% with foetal bovine serum. The medium in which the 
HepG2 cells (3x10 s cells/4 cm 2 ) have grown for 24 hours is 40 
removed and replaced by a solution (1 ml) containing a 
DNA/polymer complex (5 fig/m\ DNA). After incubation at 
37° C. for various periods of time, the cell medium is 
removed again and the cells are incubated in culture medium 
in the presence of 10% foetal bovine serum. The expression 45 
of the gene of luciferase was determined 48 hours after the 
transfection by measuring the luminescence emitted (RLU: 
relative values of the light emitted expressed in arbitrary 
units) in the cell lysates for 4 seconds. 

Under these conditions, 1 pg/ml luciferase produces 2 000 
RLU. 

FIG. 8 

This relates to the transfer of genes into HepG2 cells using 
polylysine (DP 190) partly substituted by histidyl residues. 
It shows the influence of the amount of foetal bovine serum 
(expressed on the abscissa in % serum in the medium used) 
present during incubation of the pCMVLUC/His 70 pLK 
complexes with the cells on the efficiency of the transfec- 
tion. The DNA/HispLK complexes are formed by mixing 
the plasmid pCMVLUC (10 fig in 0.7 ml DMEM) and 
polylysine substituted by 70 histidyl residues (40 ug in 0.3 
ml DMEM). After 30 minutes at 20° C, the solution 
containing the complexes is diluted once with DMEM and 
topped up with various amounts of foetal bovine serum. The 
medium in which the HepG2 cells (3x10 s cells/4 cm 2 ) have 
grown for 24 hours is removed and replaced by a solution (1 
ml) containing a DNA/polymer complex (5 /<g/ml DNA). 



for 4 hours, the cell medium is removed again and the cells 
are incubated in culture medium in the presence of 10% 
foetal bovine serum. The expression of the gene of luciferase 
was determined 48 hours after the transfection by measuring 
the luminescence emitted (RLU: relative values of the light 
emitted expressed in arbitrary units) in the cell lysates for 4 
seconds. HepG2=cell line derived from a human hepatocar- 
cinoma; HOS=cell line derived from a human osteosarcoma; 
MCF-7 cell line derived from a human adenocarcinoma; 
B16=cell line derived from a murine melanoma; COS=cell 
line derived from cells of the kidneys of the monkey 
transformed by SV40; Rbl=cell line derived from smooth 
muscle cells of the aorta of the rabbit; HeLa=human epi- 
theloid cell line; 16 HBE=epithelial cell line of the normal 
human respiratory tract; ZCFTE-epithelial cell line of the 
human respiratory tract deficient with respect to the gene 
responsible for cystic fibrosis (CFTR). 

PREPARATION OF HISTIDYLATED 
POLYLYSINE SUBSTITUTED BY LACTOSE 

Preparation of Polylysine Substituted by Activated Thiol 
Groupings 

Polylysine in the hydrobromide form (average molecular 
weight 40,000; average degree of polymerization 190) (1 g 
45 in 200 ml H 2 0) originating from Bacbem Feinchemikalien 
(Budendorf, Switzerland) is first passed over an anion 
exchange column (Dowex 2x8, OH" form; 35x2.5 cm) in 
order to remove the bromide, which is toxic to cells. The 
polylysine solution is neutralized with a 10% solution of 
so p-tolucnesulphonic acid in water and then lyophilizcd. 

The polylysine p-toluenesulphonate (50 mg; 0.91 //mole) 
is dissolved in 2 ml DMSO and reacted at 20° C. for 12 h 
with the N-hydroxysuccinirnide ester of 4-carbonyl-a- 
methyl-a-(2-pyridinyldithio)toluene (SMPT, Pierce, USA) 
(5.3 mg; 13.6 //moles). The polylysine substituted by 
carbonyl-a-methyl-a-(2-pyridinyldithio)toluene groups 
(=MPT-pLK) is precipitated by adding 10 volumes of iso- 
propanol. After centrifugation (1,800 gxl5 minutes), the 
residue is washed with isopropanol and recovered after 
renewed centrifugation. The residue is taken up in distilled 
water and the solution is lyophilized. The average number of 
MPT molecules bonded per molecule of polylysine is deter- 
mined by the absorbance at 343 nm of pyridinethione 
(e-8,080 M^xcm" 1 ) released by quantitative reduction of 
the disulphide bond with the aid of TCEP (tris- 
carboxyethylphosphine): the average number of MPT per 
molecule of polylysine is 10. 
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Preparation of Histidylated Polylysine Substituted by 
Activated Thiol Groupings 

Polylysine in the form of the p-toluenesulphonate substi- 
tuted by 10 residues of MPT (50 mg; 0.96 /maole), dissolved 
in 3 ml DMSO (dimelhylsulphoxide) in the presence of 
diisopropylethylamine (42,ul; 288/<moles), is reacted for 24 
hours at 20° C. with 32 mg (Boc)His(Boc)-OH (80/zmoles) 
in the presence of 43 mg benzotriazolyl-N- 
oxytrisdimethylaminophosphonium hexafluorophosphate 
(BOP) (97 /orioles). The histidyl residues are then depro- 
tected in the presence of 20 ml of a mixture of water and 
trifluoroacctic acid (TFA) (50/50 V/V) to the extent of 50% 
for 24 hours at 20° C. The water and the TFA are removed 
by evaporation under reduced pressure. The polymer is 
precipitated by adding 10 volumes of isopropanol. After 
centrifugalion (1,800 gxl5 minutes), the residue is washed 
with isopropanol and collected after renewed cenlrifugation. 
The residue is taken up in distilled water and the solution is 
lyophilized. The number of histidyl residues bonded per 
molecule of polylysine, determined by proton NMR, is 60. 
Reduction of Dithiopyridyl 

The oligoside is first converted into the glycopeptide by a 
method described in French Patent Application 9407738 
(Monsigny M., Sdiqui N., Roche A. C. and Mayer R., 1994, 
Nouveaux derives d'oligosides, leur proced6 de preparation 
et leurs applications [New derivatives of oligosides, a pro- 
cess for their preparation and their uses]). 

The glycopeptide is bonded to the partly histidylated 
polylysine via a disulphide bridge. 

The Gal(34Glcp-pyroglutamyl-NH— (CH 2 ) 2 — S— S- 
pyridine (3 //moles) is treated with 3.5 //moles TCEP (tris- 
carboxyethylphosphine) in a sodium phosphate buffer, 0.1 
M, at pH 7 (1 ml) for 1 h at 20° C. This solution is added 
to the partly histidylated polylysine substituted by 10 resi- 
dues of MPT (10 mg; 0.2 //mole), dissolved in the sodium 
phosphate buffer, 0.1 M at pH 7 (1 ml). After 1 h at 20° C, 
the polymer is precipitated by addition of 10 volumes of 
isopropanol. The precipitate is collected after centrifugation 
(1,800 g, 15 rain) and washed in isopropanol and then 
dissolved in water and lyophilized. 

The yield of the coupling reaction under the conditions 
used is equal to or greater than 90%. 

Preparation of Histidylated Polylysine Substituted by a 
Complex Oligoside: Lewis 6 

Example of Lewis ft = Fuca4(Fuca2Gal(33) 
GlcNAcp3Gaip4Glc 

Complex oligosides having a glucose (Glc) or 
N-acetylglucosamine (GlcNAc) residue in a reducing posi- 
tion are first converted into glycopeptides by a method 
described in French Patent Application 9407738 (Monsigny 
M., Sdiqui N., Roche A. G and Mayer R., (1994) Nouveaux 
derives d'oligosides, leur procede de preparation et leurs 
applications [New derivatives of oligosides, a process for 
their preparation and their uses]). 

The complex oligosides are bonded to the partly histidy- 
lated polylysine by bonding of the glycopeptide- to the 
histidylated polylysine via a disulphide bridge. 

r Ilie oligoside Fuca4(Fuca2Gaip3)GlcNAcp3Gaip4Glc 
is converted into the glycopeptide derivative Fucu4 
(Fuca2Gaip3)GlcNAcp3Gaip4GlcP-pyroglutamyI-R. The 
carboxyl group of pyroglutamyl is substituted by a dithi- 
opyridioe function to give the glycopeptide: Fuca4 
(Fuca2Gaip3)GlcNAcp3Gaip4GlcP-pyrogIutamyl-NH— 
(CH 2 ) 2 — S — S-pyridine (French Patent Application 
9407738: Monsigny M., Sdiqui N., Roche A. C. and Mayer 
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R., 1994, Nouveaux den've's d'oligosides, leur precede* de 
preparation et leurs applications [New derivatives of 
oligosides, a process for their preparation and their uses] and 
Que"tard et al., Simple synthesis of novel glycosynthons for 
glycoconjugate preparation: oligosylpyroglutamyl 
derivatives, in preparation). 

Glycopeptide Reduction 

The glycopeptide (2 //moles) is treated with 2.2 //moles 
TCEP (tris-carboxyethylphosphine) in a sodium phosphate 
buffer, 0.1 M at pH 7 (1 ml) for 1 h at 20° C. This solution 
is added to the partly histidylated polylysine substituted by 
10 residues of MPT (10 mg; 0.2 mole), dissolved in the 
sodium phosphate buffer, 0.1 M at pH 7 (1 ml). After 1 h at 
20° C, the polymer is precipitated by addition of 10 volumes 
of isopropanol. The precipitate is collected after centrifuga- 
tion (1,800 g, 15 min) and washed in isopropanol and then 
dissolved in water and lyophilized. 

The yield of the coupling reaction under the conditions 
used is equal to or greater than 90%. 

Preparation of Histidylated Polylysine Substituted by the 
Peptide ANP 

Preparation of Polylysine Substituted by Activated Thiol 
Groupings 

Polylysine in the hydrobromide form (average molecular 
weight 40,000; average degree of polymerization 190) (1 g 
in 200 ml H 2 0) originating from Bachem Feinchemikalien 
(Budendorf, Switzerland) is first passed over an anion 
exchange column (Dowex 2x8, OH" form; 35x2.5 cm) in 
order to remove the bromide, which is toxic to cells. The 
polylysine solution is neutralized with a 10% solution of 
p-loluenesulphonic acid in water and then lyophilized. 

The polylysine p-toluenesulphonate (50 mg; 0.91 /miole) 
is dissolved in 2 ml DMSO and reacted at 20° C. for 3 2 h 
with the N-hydroxysuccinimide ester of 4-carbonyl-oc- 
methyl-a-(2-pyridinyldilhio)toluene (SMPT, Pierce, USA) 
(5.3 mg; 13.6 //moles). The polymer (MPT-pLK) is precipi- 
tated by adding 10 volumes of isopropanol. After centrifu- 
gation (1,800 gxl5 minutes), the residue is washed with 
isopropanol and recovered after renewed centrifugation. The 
residue is taken up in distilled water and the solution is 
lyophilized. The average number of MPT molecules bonded 
per molecule of polylysine is determined by the absorbance 
45 at 343 nm of pyridinethione (e=8,080 M _1 xcm _1 ) released 
by quantitative reduction of the disulphide bond with the aid 
of TCEP: the average number of MPT is 10. 
Preparation of Histidylated Polylysine Substituted by 

Activated Thiol Groupings 
Polylysine in the form of the p-toluenesulphonate substi- 
tuted by 10 residues of MPT (50 mg; 0.96 //mole), dissolved 
in 3 ml DMSO (dimethylsulphoxide) in the presence of 
diisopropylethylamine (42 /d; 288 ^moles), is reacted for 24 
hours at 20° C. with 32 mg (Boc)His(Boc)-OH (80 /moles) 
in the presence of 43 mg benzotriazolyl-N- 
oxytrisdimethylaminophosphonium hexafluorophosphate 
(BOP) (97 /fluoles). The histidyl residues are then depro- 
tected in the presence of 20 ml of a 50% solution of 
trifluoroacetic acid (TFA) for 48 hours at 20° C. The water 
and the TFA are removed by evaporation under reduced 
pressure. The polymer is precipitated by adding 10 volumes 
of isopropanol. After centrifugation (1,800 gxl5 minutes), 
the residue is washed with isopropanol and collected after 
renewed centrifugation. The residue is taken up in distilled 
water and the solution is lyophilized. The number x of 
histidyl residues bonded per molecule of polylysine, deter- , 
mined by proton NMR, is 60. 
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Reduction of (he Peptide ANP is determined by analysis of the amino acids of the polymer 

The peptide ANP (CYSLRRSSAFGGRIDRIGAQSA) by high pressure chromatography (HPLQ with a C ia 

with its cysteine in the N-tcrminal position protected in the reversed phase coi umD (Su p e lcosil LC-18-DB, Supelco, 

formoflhiopyndmyl(7.5mg;2/anoles)isreactedat20 <, C. n.n-r™,.- o. hca\ r. u i i • r .t i • 

for 15 minutes with TCEP (0.7 mg; 2>moN in 1 ml of 5 f*> ^^^^^ lhe ! " 

buffer, 0.1 M NaCl, 0.1 M tris/HCl pH 7.6. . 5 ' 6 N at 105 C for 72 hours and n™™™ of *e 

Preparation of Histidylated Polylysine Substituted with ~ a f i| iberated int0 phenyUWohydantoin derivatives 

the Peptide ANP (PTH-aa). The average number of ANP per molecule of 

The partly histidylated polylysine substituted by 10 mol- P ol y mer * 8. 
eculesof MPT(MPT 10 _,His 70 pLK(10mg;0.2/amole)in 1 ™ Pre P arall0n of Histidylated Polylysine Substituted by 

ml of buffer, 0.1 M NaCl, 0.1 M tris/HCl pH 7.6, is reacted Biotin 

at 20° C. for 24 hours with 7.5 mg (2 /miolcs) of peptide Polylysine substituted by 60 histidyl residues (15 mg; 

ANP, the cysteine of which has been reduced. The polymer 0 28 /<m°le), dissolved in 1 ml DMSO in the presence of 

(ANP-S-,His7 0 -pLK) is precipitated by adding 10 volumes DIEA ( 4 A 28 /<moles) is reacted for 7 h at 20° C. with the 

of isopropanol. After cenlrifugation (1,800 gx!5 minutes), N-hydroxysuccinimide ester of 6-(biotinamido)hexanoate 

the residue is washed with isopropanol and collected after (NHS-LC-biolin, Pierce, USA). The polymer is precipitated 

renewed centrifugation. The residue is taken up in distilled by addition of 10 volumes of isopropanol. The precipitate is 

water and the solution is lyophilized. The average number of collected after centrifugation (1,800 g, 15 min) and washed 

molecules of peptide ANP bonded per molecule of polymer in isopropanol and then dissolved in water and lyophilized. 



SEQUENCE LISTING 



<160> NUMBER OF SEQ ID NOS : 7 

<210> SEQ ID NO 1 
<211> LENGTH: 4 
<212> TYPE; PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: SYNTHETIC 
PEPTIDE 

<4O0> SEQUENCE: I 

Gly Ala Leu Ala 
1 



<210> SEQ ID NO 2 
<211> LENGTH: 28 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: VASODILATER 
INTESTINAL POLYPEPTIDE 

<4O0> SEQUENCE: 2 

His Ser Asp Ala Val Phe Thr Asp Asn Tyr Thr Arg Leu Arg Lys Gin 
1 5 10 15 

Met Ala Val Lys Lys Tyr Leu Asn Ser lie Leu Asn 
20 25 



<210> SEQ ID NO 3 
<211> LENGTH: 28 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION : Description of Artificial Sequence: ATRIAL 
NATRIURETIC POLYPEPTIDE 

<400? SEQUENCE: 3 

Ser Leu Arg Arg Ser Ser Cys Phe Gly Gly Arg Met Asp Arg He Gly 
15 10 is 

Ala Gin Ser Gly Leu Gly Cys Asn Ser Phe Arg Tyr 
20 25 



<210> SEQ ID NO 4 
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-continued 



<211> LENGTH: 9 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE : 

<223> OTHER INFORMATION : Description of Artificial Sequence: LIPOCORTIN 
SYNTHETIC PEPTIDE 

<400> SEQUENCE: 4 

His Asp Met Asn LyB Val Leu Asp Leu 
1 5 



<210> SEQ ID NO 5 
<211> LENGTH: 9 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: BRADYKININ 
SYNTHETIC PEPTIDE 

<4 00> SEQUENCE: 5 

Arg Pro Pro Gly Phe Ser Pro Phe Arg 
1 5 



<210> SEQ ID NO 6 
<211> LENGTH: 13 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE I 

<223> OTHER INFORMATION: Description of Artificial Sequence: SYNTHETIC 
PEPTIDE HORMONE 

<4 00> SEQUENCE: 6 

Ser Tyr Ser Met Glu His Phe Arg Trp Gly Lys Pro Val 
15 10 



<210> SEQ ID NO 7 
<211> LENGTH: 22 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<2 20> FEATURE: 

<2 23> OTHER INFORMATION: Description of Artificial Sequence: FUSIOGENIC 
PEPTIDE 

<4 00> SEQUENCE: 7 

Gly Leu Phe Glu Ala lie Ala Glu Phe He Glu Gly Gly Trp Glu Gly 
1 5 10 is . 

Leu He Glu Gly Cye Ala 
20 



What is claimed is: 

1. A complex comprised of at least one negatively charged 
nucleic acid and at least one positively charged polymeric 
conjugate with the bond therebetween being electrostatic in 
nature, 

the polymeric conjugate containing a polylysine formed 
from monomers having free NH3"" groups, 

at least 10% of free NH 3 + groups of the said polylysine are 
substituted by residues which arc protonalcd in a 
weakly acid medium causing destabilizaiion of cell 
membranes, 

and optionally at least one free NH-, + group of the said 
polylysine is substituted by a molecule with a recog- 
nition signal recognized by a cell membrane receptor, 

with the proviso that all the free NH 3 + groups of the said 
polysinc make up at least 30% of the number of 
monomers of the skeleton of the polymeric conjugate, 
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wherein said residues causing destabilizaiion of cell mem- 
brane in a weakly acid medium belong to the family of 
quinolines of the formula: 

r 

NH — CH (CHah N — R,R 2 




in which R, is hydrogen, R 2 is — (CH 2 )„ — C0 2 — H , X 
is hydrogen or chlorine and n is an integer from 1 to 10, 
wherein said recognition signal is selected from the 
group consisting of: 



